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1. INTRODUCTION

Genesis Solar, LLC proposes to construct two independent concentrated solar electric generating

facilities with a nominal net electrical output of 125 megawatts (MW) each, for a total net electrical

output of 250 MW. Collectively, the facilities are referred to as the Genesis Solar Energy Project (the

Project). The Project is located in eastern Riverside County, between the communities of Blythe,

California (approximately 25 miles east) and Desert Center, California (approximately 27 miles west).

The Project site location is shown on Figure 1.

Surrounding features include the McCoy Mountains to the east, the Palen Mountains (including the

Palen/McCoy Wilderness Area) to the north, and Ford Dry Lake, a dry desert playa, to the south.

Interstate 10 (I-10) is located approximately 2 miles south of the southernmost border of the Project

site. The Ironwood and Chuckwalla State Prisons (adjacent to each other) are located approximately 9

miles to the south of the Project site. The land around the Project site is predominantly owned and

managed by the BLM.

Genesis Solar, LLC has applied for a 4,640-acre right-of-way (ROW) grant from the United States

Department of the Interior, Bureau of Land Management (BLM) for development of the Project. The

Project will consist of the main facility footprint and associated linear corridor. Once constructed, the

Project would permanently occupy approximately 1,800 acres within the ROW grant area, plus

approximately 90 acres for off-site linear facilities (Figure 2). A Plan of Development (POD) for the

project was submitted to the BLM by Genesis Solar LLC in September 2009 (Tetra Tech and

WorleyParsons, 2009). In addition, Genesis Solar, LLC submitted an Application for Certification

(AFC) for the Project to the California Energy Commission in August 2009.

The Project proposes to use groundwater as a water supply during construction and operation. This

Groundwater Resources Investigation has been prepared by WorleyParsons on behalf of Genesis

Solar, LLC to provide information regarding the quality and quantity of groundwater that may be

available for the Project and to evaluate the impacts of using groundwater as a Project water supply.

Specifically, this Groundwater Resources Investigation includes the following:

 Project Description (Section 2.0), including discussion of the Project water demand

during construction and operation;

 Hydrogeologic Characterization (Section 3.0), including description of the project

hydrogeologic setting and groundwater resources in the site vicinity;

 Groundwater Resources Impact Evaluation (Section 4.0), including analytical and

numerical groundwater modeling to evaluate the potential impact of the Project water

demand on water resources, including groundwater level drawdown in the site vicinity,

interference drawdown to nearby wells, groundwater budget including recharge and

discharge, groundwater quality, surface water, and subsidence.
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 Conclusions (Section 5.0), including a summary of the anticipated affects of the project

and evaluation of their potential significance.

 Monitoring and Mitigation Measures (Section 6.0), including a description of

recommended monitoring and mitigation measures being considered for potential

incorporation into the project.

 The methods and results of a test well program investigation implemented for the Project

are presented in Appendix 2, and include lithologic and geophysical logs for the

boreholes, well construction details, water quality data, and aquifer testing data. Data

regarding the laboratory-measured porosity, effective permeability, and hydraulic

conductivity values of soil samples collected during drilling at the Project site is presented

in Appendix 7.
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2. PROJECT DESCRIPTION

The Genesis Solar Energy Project will consist of two independent solar electric generating facilities to

be located on BLM land a short just north of Ford Dry Lake (Figure 2). These facilities will use well-

established parabolic trough solar thermal technology to produce electrical power using steam turbine

generators (STG) fed from solar steam generators (SSG). The SSG receives heated heat transfer fluid

(HTF) from solar thermal equipment comprised of arrays of parabolic mirrors that collect energy from

the sun.

The Project proposes to use a wet cooling tower for power plant cooling. Water for cooling tower

make-up, process water make-up, and other industrial uses such as mirror washing will be supplied

from on-site groundwater wells, which will also be used to supply water for employee use (e.g.,

drinking, showers, sinks, and toilets). A package water treatment system will be used to treat the water

to meet potable standards. A sanitary septic system and on-site leach field will be used to dispose of

sanitary wastewater.

A minimum of two groundwater supply wells will be installed within the Project footprint. The Project

well field will also include a sufficient number of standby wells to provide the Project with water in the

event the primary wells are shut down for maintenance. As currently planned, the wells will pump

groundwater from the Bouse Formation and/or underlying Fanglomerate within the Chuckwalla Valley

Groundwater Basin (Section 3.7) that is brackish in composition (i.e., that contains over 1,000

milligrams per liter of total dissolved solids). The wells are proposed to pump groundwater from below

approximately 800 feet below ground surface (bgs).

2.1 Construction Water Demand

Construction activities for a single 125 MW unit are expected to take place over a period of

approximately 25 months with a 12-month delay between the start of construction for Unit 1 and the

start of construction for Unit 2, for a total of 37 months construction period. Water use during this period

will be from on-site groundwater using the production wells that will be installed for the Project. Initial

construction water usage will be in support of site preparation and grading. Subsequent to Month Five

of construction, water usage will be in support of dust suppression and normal construction water

requirements that are associated with construction of the buildings, power block, and solar array. It is

anticipated that water usage for the construction period will proceed along the following schedule and

water use rates:

 Earthwork Phase, Month 1 to Month 7 – Average water usage during earthwork is

estimated to be 1.7 million gallons per day (MGD),

 Post Earthwork Phase, Month 6 to Month 37 – Average water usage during post

earthwork construction is estimated to be 0.55 MGD.
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 Peak Construction Water Usage – The peak construction water usage is anticipated to

occur during earthwork and is estimated to be 3 MGD.

 Total Construction Water Demand – The total construction water demand: is estimated

to be approximately 2,440 acre feet over approximately 3 years.

2.2 Operational Water Demand

The estimated operational water requirements for the power plant are presented in Table 2-1, below.

The average total annual water usage for each 125 MW power plant is estimated to be about 822 acre-

feet/year (AFY), or 1,644 AFY for the entire Project, which corresponds to an average daily flow rate of

about 1,000 gallons per minute (gpm).

Table 2-1: Typical Water Usage Estimate

Water Use
Annualized Average

Rate
1

(gpm)
Estimated Peak

Rate
2

(gpm)
Estimated Annual

Use (acre-feet)

Plant Operation 1,000 4026 1644

Potable water 10 10 16

1
The estimated groundwater usage in gallons per minute (gpm) is based on an average daily
consumption for (2) 125 MW power plants

2
The “peak” rate is the instantaneous maximum for summer usage for (2) 125 MW power
plants

Usage rates will vary during the year and will be higher in the summer months when the peak

maximum daytime usage rate could be as high as about 2,013 gpm for each 125 MW power plant, or

4,026 gpm for the Project. Month-to-month differences in flows within the summer, average and winter

months are due to differences in the incident radiation onto the mirrors and therefore differences in the

power generated for each month. As a result, each month has a different makeup water usage volume

as summarized below.

 Summer Months – The four months of May through August are referred to as summer,

and the makeup flow rate calculations are based on the peak summer cooling tower

evaporation rate of 1,729 gpm. At this evaporation rate during power operating conditions,

the site makeup flow rate is 2013 gpm.

 Average Months – March, April, September and October are referred to as average, and

the makeup flow rate calculations are all based on the annual average evaporation rate of
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1,459 gpm. At this evaporation rate during power operating conditions, the site makeup

flow rate is 1,710 gpm.

 Winter Months – November through February are referred to as winter with an

evaporation flow rate of 1,189 gpm. At this evaporation rate during power operating

conditions, the site makeup flow rate is 1,408 gpm.

During the course of a day as the power plant cycles from zero to maximum power, the makeup flow

rate also cycles (e.g., in summer from 0 to 2,013 gpm), so the values 2,013, 1,710 and 1,408 gpm

discussed above represent the maximum flow rate at which water is withdrawn from the plant makeup

water tanks when the power plant is generating maximum power output. However, groundwater will be

pumped through a pre-treatment system and into the makeup water storage tanks continuously.

Therefore, the daily Project groundwater demand may be averaged over a 24-hour period. Similarly,

the Project groundwater demand may be understood in terms of monthly and annual average water

demand. Table 2-2 presents the average groundwater extraction rate (gpm) by month as well as the

acre-feet per month.

Table 2-2: Typical Groundwater Demand per 125 MW Plant

Water
Demand

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

gal/min
(24-hour
average)

180 202 491 596 820 907 799 718 563 426 213 161

acre-feet
per month

24.6 24.9 67.2 78.9 112 120 110 98.2 74.6 58.3 28.2 22.1
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3. HYDROGEOLOGIC CHARACTERIZATION

3.1 Site Location and Land Use

The Project site is located in the Mojave Desert, approximately 25 miles west of Blythe, California and

27 miles east of Desert Center, California. Interstate 10 (I-10) is located about 6 miles south of the

southernmost border of the Project site (Figure 1). The nearest I-10 interchange is the Wiley’s Well

exit, which is the site of a California Department of Transportation rest area. Most of the land near the

Project site is managed by BLM, but there are some private in-holdings, as well as a section of

California State land located within, but not part of, the requested Project ROW. No Project facilities will

be developed on state land, and Genesis Solar, LLC does not plan to construct any access roads or

other encroachments on state land.

Expansive and primarily undeveloped desert and mountainous areas characterize the site vicinity. The

Project is proposed for construction on largely undisturbed desert land managed by the BLM. There

are no existing structures within the Project area. The Project site is situated entirely on BLM

administered land, between the Palen-McCoy Wilderness and I-10.

Interstate 10 and State Routes 78 (SR-78) and 177 (SR-177) are the primary highways near the

Project area. A single four wheel drive road runs north-south through the westernmost portion of the

Project area, providing access into the Palen-McCoy Wilderness. Small airports and airstrips are

located at Blythe, Desert Center, and Julian Hinds, but there are no regularly scheduled passenger

flights into these airports.

The City of Blythe (located east of the project site) also includes two state prisons - Chuckwalla Valley

and Ironwood within its incorporated boundaries (though discontinuous with the rest of the area). This

dual prison facility is located about 9 miles to the south of the Project.

3.2 Planning and Regulations

Under the Water Quality Control Plan for the Colorado River Basin Regional Water Quality Control

Board (RWQCB), the project site is located in the Ford Hydrologic Area of the Chuckwalla Hydrologic

Unit, which is within the Hayfield Planning Area. The Hayfield Planning Area lies primarily in Riverside

County and covers approximately 1,860 square miles. It is within the Mojave/Sonoran desert with

barren mountains and valleys with dry lake beds at the lower elevations (RWQCB, 2006). The

RWQCB uses these area designations to identify areas where it collects and analyses data for required

updates to its Water Quality Control Plan. Information from the Water Quality Control Plan is

discussed in subsequent sections of this report.
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Under the State Water Plan (DWR, 2005), the project site is located in the Ford Detailed Analysis Unit

(DAU334) of the Chuckwalla Planning Area (PA1003). The boundaries for the Hayfield and

Chuckwalla Planning Areas are identical and include Chuckwalla Valley, Pinto Valley and Rice Valley.

The boundaries of the Ford Hydrologic Area and the Ford DAU are also identical, and occupy the

eastern portion of Chuckwalla Valley, which drains to Ford Dry Lake. DAUs are area for which the

DWR gathers and maintains data for scheduled updates to the California Water Plan. These data are

discussed in subsequent sections of this report.

The Genesis Solar Energy Project is located within the Chuckwalla Valley Groundwater Basin (Basin

No. 7-5), which has a surface area of 940 square miles. (DWR 2004). The Chuckwalla Valley

Groundwater Basin is not adjudicated or tributary or adjacent to any adjudicated groundwater basins,

and does not share overlapping watersheds with any such basins. In addition, it is not within the

jurisdiction of any special district with the authority to manage surface or groundwater resources, nor is

the Basin covered by any Groundwater Management Plan.

All types of water rights, diversions, and uses of water in California are governed by principles

contained in Article 10, Section 2 of the California Constitution which requires that all uses of water be

put to beneficial and reasonable use, and that waste or unreasonable use or unreasonable method of

use of water be prevented. The right to divert or extract groundwater under an overlying right is

obtained by the acquisition of real property that abuts, adjoins, or overlies a natural watercourse or a

groundwater basin. The overlying rights are vested property rights which are annexed to the soil and

are “part and parcel” of the overlying land. Water rights are appurtenant to the land and remain with the

land unless divested by prescription or severance. Because the Property is owned by the federal

government and managed by the Bureau of Land Management, the federal government has overlying

rights at the site. However, BLM has generally conformed its use of these water rights to follow local

customs or laws. Accordingly, California water law governs the water rights of the Property. According

to an evaluation completed by Best Best & Krieger, Attorneys at Law (BBK, 2008), providing that the

lease and right-of-way grant obtained from BLM for the Property did not place any restrictions or

reservations on the water rights, Genesis Solar, LLC has the right to pump percolating groundwater for

the reasonable and beneficial use of the Project.

According to various compacts, agreements, court decisions, decrees, contracts and regulatory

guidelines collectively known as the “Law of the River,” consumptive use of Colorado River water can

occur through direct diversions of surface water, as well as through withdrawal of water from the river

by underground pumping. Users within the lower Colorado River Basin States can divert tributary inflow

before it reaches the Colorado River, but once the water reaches the Colorado River, entitlements are

required for diversions. In the case of pumping from wells, this distinction may be difficult to make. To

address under what circumstances use water pumped from underground wells near the Colorado River

requires an entitlement, a method was developed by the United States Geological Survey (USGS) in

cooperation with the Bureau of Reclamation to identify groundwater wells outside the flood plain of the

lower Colorado River that yield water that will be replaced by water from the river (the “Accounting
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Surface” method -- Wilson and Owens-Joyce 1994). The Accounting Surface is defined by ground-

water levels that would occur if the Colorado River were the only source and sink for water in an

aquifer that is hydraulically connected to the Colorado River floodplain (the Colorado River Aquifer).

The Accounting Surface Method was proposed for adoption in the Federal Register, but was withdrawn

and has not been included as part of the Law of the River.

Wiele and others (2008) presented an updated Accounting Surface based on conditions in 2007–2008,

reportedly prior to the issuance of a proposed rule to define the accounting procedure. Wells in the

Colorado River flood plain are assumed based on their location to yield water from the Colorado River.

The Accounting Surface represents the elevation of the unconfined static water table in the River

Aquifer outside the flood plain and the reservoirs of the Colorado River that would exist if the river were

the only source of water to the river aquifer. Across the Chuckwalla Valley Groundwater Basin, the

Accounting Surface has been established at 238 to 240 feet above mean sea level (amsl). Wells that

have static (non-pumping) water levels above the Accounting Surface are presumed to yield water that

consists of inflow from tributary valleys and basins. Wells that have static water levels equal to or

below the Accounting Surface are presumed to yield water that will be replaced by water from the river,

and therefore requires an entitlement. For the purposes of this method, the static water level is defined

by the USGS as the level of water to which water will rise in a tightly cased well under its full pressure

head when it is not being affected by groundwater withdrawal. Pumping water levels may drop below

the elevation of the Accounting Surface; however, if static water levels remain below the accounting

surface following a period of no groundwater withdrawal, under this Accounting Surface proposed

method, groundwater withdrawn from the well would be considered Colorado River water. Although

USGS is working to construct an inventory of wells in the Colorado River Aquifer that could be subject

to the Accounting Surface if it were to become law or policy, there is presently no regulatory

requirement for well owners to register their wells with USGS or to report water level or pumping data.

Until a method such as the Accounting Surface Method becomes law or policy it should not be applied

to present extractions of groundwater and such extractions should be evaluated according to California

groundwater law.

Section 4999 of the California Water Code (CWC) requires all persons within four counties (i.e. Los

Angeles, Riverside, San Bernardino and Ventura), with wells with aggregate extractions of more than

25 acre-feet (or 10 acre-feet or more from a single source) to file an annual report of their extraction,

known as a "Notice of Extraction and Diversion of Water" by June 30 each year with the State Water

Resources Control Board’s Division of Water Rights. Failure to file a notice is deemed the equivalent

of non-use of water for that year and could result in the loss of water rights (reference California Water

Code section 5004).

State Water Resources Control Board (SWRCB) Resolution 75-58 states the following:

“It is the Board’s position that from a water quantity and quality standpoint the source of

powerplant cooling water should come from the following sources in this order of priority
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depending on site specifics such as environmental, technical and economic feasibility

consideration: (1) wastewater being discharged to the ocean, (2) ocean, (3) brackish water from

natural sources or irrigation return flow, (4) inland wastewaters of low TDS, and (5) other inland

waters.”

Brackish water for the purposes of both policies is defined as water containing total dissolved solids

(TDS) concentrations exceeding 1,000 milligrams per liter (mg/L) or chloride concentrations exceeding

250 mg/L. As discussed in Section 2, the Project proposes to pump groundwater from the Bouse

Formation or underlying Fanglomerate that meets this definition. As such, the Project’s proposed use

of groundwater is consistent with state water policy.

3.3 Physiographic Setting

The Project site is situated within the eastern or lower portion of Chuckwalla Valley, an east-southeast

trending valley in California’s Mojave Desert Geomorphic Province, and is bounded by the Chuckwalla,

Little Chuckwalla, and Mule Mountains on the south, the Eagle Mountains on the west, the Mule and

McCoy mountains on the east, and the Coxcomb, Granite, Palen, and Little Maria mountains on the

north. The elevation of Chuckwalla Valley ranges from under 400 feet at Ford Dry Lake to

approximately 1,800 feet above mean sea level (amsl) west of Desert Center, which is located in the

western portion of Chuckwalla Valley, and along the upper portions of the alluvial fans that ring the

valley flanks. The surrounding mountains rise to approximately 3,000 to 5,000 feet amsl. There are no

perennial streams in Chuckwalla Valley. The eastern portion of Chuckwalla Valley, where the Project

site is located, drains internally to Ford Dry Lake, an ephemeral playa. The western portion of

Chuckwalla Valley drains internally to Palen Lake, also an ephemeral playa.

As shown on Figure 2 and Figure 3 the Project site lies on a broad, relatively flat, sloping surface

underlain by alluvial deposits derived from the Palen Mountains to the north and the McCoy Mountains

to the east. The deposits immediately adjacent to the mountains have formed alluvial fans from multiple

identifiable sources, and multiple fan surfaces have coalesced into a single bajada surface that wraps

around each of these mountain fronts. Between the bajada surfaces from each mountain chain lies a

broad valley-axial drainage that extends southward between the mountains and drains to the Ford Dry

Lake playa, located about 1 mile south of the site. The site itself is relatively flat and generally slopes

from north to south with elevations of approximately 400 to 370 feet above mean sea level. It is

occupied by a community of low creosote and bursage scrub vegetation.

The lower or “distal” portions of the alluvial fans and the valley axial drainage underlying the site occur

downstream of where washes that are incised and emerge to spread out in small distributary channels

without defined banks and sheet flood deposits. A valley axial drainage crosses the site in a broad area

that is about 4 miles wide and is characterized by subdued bar and swale morphology generally lacking

water erosional features. Alluvial deposits in this area are underlain at shallow depth by buried older
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soil horizons with carbonate accumulations, which is consistent with the presence of a thin active

alluvial sheet that is in equilibrium conditions (WorleyParsons, 2009).

3.4 Climate and Precipitation

The Project is located in an arid desert climate with extreme daily temperature changes, low annual

precipitation, strong seasonal winds and mostly clear skies. Evaporation rates are higher than

precipitation rates. In this region of California, temperatures are extreme with mild winters

accompanied by sporadic rainfall from Pacific frontal storms between November and April, and hot, dry

summers with infrequent, but occasionally intense monsoonal thunderstorms mostly in August and

September. Precipitation distribution and intensity are often sporadic. Local thunderstorms may

contribute the entire average seasonal precipitation at one time, or only a trace of precipitation may be

recorded at a particular locale for the entire season. Average annual precipitation ranges from less

than three inches in the lower valley to eight inches in the higher elevations of the Little San Bernardino

Mountains (RWQCB, 2006).

Based on 60 years of data from Blythe Airport, the mean maximum temperatures in June to September

exceed 100°F. Winter months are more moderate with mean maximum temperatures of high 60’s to

low 70’s °F and minimum temperatures in the low to mid 40’s °F. Although there are no average

minimal temperatures below freezing point (32°F) the temperature has historically dropped below

freezing point between November and March. Table 3-1 presents a Climate and Precipitation

Summary, based on information from the closest available meteorological stations, which are located

at Blythe Airport (for temperature and precipitation) and Indio Fire Station (for pan evaporation data).

Table 3-1: Climate and Precipitation Summary
Parameter Jan Feb Mar Apr Mar Jun Jul Aug Sep Oct Nov Dec Annual
Average Max.
Temp. (

o
F)

66.7 72 78.5 86.4 95.2 104.6 108.4 106.6 101.3 89.8 75.9 66.6 87.7

Average Min.
Temp. (

o
F)

41.5 45.4 50.2 56.5 64.4 72.7 81 80.2 73 60.9 48.6 41.2 59.7

Average
Temperature
(
o
F)

54.1 58.7 64.4 71.5 79.8 88.7 94.7 93.4 87.2 75.4 62.3 53.9 73.7

Published
Evaporation
(inches)

2.85 4.38 7.15 9.98 12.73 14.85 14.95 13.59 10.80 7.60 3.98 2.49 105.35

Monthly
Precipitation
(inches)

0.47 0.43 0.36 0.16 0.02 0.02 0.24 0.63 0.36 0.26 0.20 0.40 3.55

Sources:
1. Blythe CAA Airport for Average Temperatures (from
http://www.wrcc.dri.edu/cgibin/cliMAIN.pl?ca0927). Data from 1948 to 2008
2. Indio Fire Station, CA for Pan Evaporation - Average 1927 – 2005. (Note that reference
evapotranspiration (ETo) data are available from closer locations, but are not referenced herein.)
3. Blythe CAA Airport for Precipitation - Average 1948 to 2008
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Average annual precipitation in the Project area, based on the gauging station at Blythe Airport, is 3.55

inches, with August recording the highest monthly average of 0.63 inches and June recording the

lowest monthly average of 0.02 inches. Per the National Oceanic and Atmospheric Administration

(NOAA) Atlas 14 for the Southern California area, 3.51 inches of rain fall in the 100-year, 24-hour storm

event and extreme events in the nearby area have recorded over 10 inches of rain in 24 hours.

Average annual evaporation in the Project area, based on published data at the Indio Fire Station, 70

miles west of the site, is 105 inches. Eighty-seven percent of annual evaporation occurs between

March and October.

3.5 Surface Water Resources

The Project site is located on alluvial sediments within the Chuckwalla Valley Basin. There are no

perennial streams in Chuckwalla Valley and a vast majority of the time, the area is dry and devoid of

any surface flow anywhere. The average annual runoff for Hayfield Planning Area, which occurs

principally during thunderstorms, is 5,000 acre-feet. Almost all the moisture from rain is lost through

evaporation and evapotranspiration (RWQCB, 2006).

The site is located within the Colorado River Basin, within the Chuckwalla Valley Drainage Basin.

Chuckwalla Valley is an internally drained basin, and all surface water flows to Palen Dry Lake in the

western portion of the valley and Ford Dry Lake in the eastern portion of the valley. Palen Dry Lake is

reported to potentially be a “wet playa” with groundwater discharge by evapo-transpiration at the

ground surface; whereas, Ford Dry Lake is a “dry playa,” with groundwater occurring well below the

ground surface (DWR, 1963). Palen Lake is the terminal sink for the western portion of Chuckwalla

Valley watershed. Portions of Palen Lake that act as a wet playa would essentially be a surface

expression of the underlying groundwater system. Palen Lake is located in the central portion of

Chuckwalla Valley about 12 miles west of the pumping centroid at the Project site.

A comprehensive review was conducted to identify potential springs, seeps and surface water

discharges that may be present in the central and eastern portions of Chuckwalla Valley (the area that

may be affected by drawdown from project pumping). Sources reviewed included published reports

and maps by the United States Geological Survey and California Department of Water Resources,

maps published by the Bureau of Land Management, and contact with BLM personnel. The only

springs, seeps or surface discharges identified are McCoy Spring (at the foot of the McCoy Mountains

approximately 6.5 miles northeast of the Project site and 7.5 miles northeast of the proposed well field),

and Chuckwalla Spring (approximately 15 miles south of the site, which is actually located outside the

valley a short distance in the Chuckwalla Mountains) (BLM, 2002 and 2009b; DWR, 1963; RWQCB,

2006; Stone and Pelka, 1989; and USGS, 1983a, 1983b). McCoy Spring and Chuckwalla Spring are

perennial springs; however, there is no information available regarding the discharge quantity for these

springs. Published water quality data for McCoy Spring is included in DWR, 1963.
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McCoy Spring is located at an elevation of 889 feet amsl at the outlet of a bedrock canyon near the toe

of the western slope of the McCoy Mountains, and includes a cistern and seeps. The approximate

location of McCoy Spring is outlined on the photograph below. Based on the close proximity of

bedrock outcrops to the spring and seeps, the spring likely represents baseflow discharge from the

McCoy Mountains. As such, it would not have a direct hydraulic connection to the aquifers in the

Chuckwalla Valley Groundwater Basin, which occur in the basin fill materials to the west of McCoy

Spring.

Water runoff occurs only in response to infrequent intense rain storms. Much of the area is subject to

inundation either by sheet flow or weakly-expressed braided ephemeral surface water flow. The entire

area drains to Palen and Ford Dry Lakes, but runoff from most of the basin generally does not reach

these dry lakes. During large rainfall events, Ford Dry Lake and Palen Dry Lake will retain water in

shallow ponds for days or weeks. This occurs on average approximately once every 20 years

(RCFCWCD, 2009). There are no named ephemeral washes within the Project site, however, a few
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ephemeral washes are located upslope of the Project site or traverse the southeastern part of the

proposed off-site linear alignment. The Project site itself is located in an area where washes disperse

into a subdued bar and swale morphology, with widely dispersed swales that are small, only a few

inches deep and do not have defined banks (WorleyParsons, 2009b). A waters survey has concluded

that there are no wetlands meeting the definition found in the USACE Wetlands Delineation Manual

(1997) traversed by any portions of the Project site (TetraTech, 2009).

A broad valley axial drainage crosses the site in a broad area that is about 4 miles wide and is

characterized by subdued bar and swale morphology generally lacking water erosional features and

indicative of an equilibrium surface under sheet flood conditions. In these types of environments,

catchment boundaries and drainage areas are known to continually shift over time based on the

ground conditions, intensity of the storm event, velocity of the flow and sediment transportation.

3.6 Geologic Setting

The Genesis Solar Energy Project is located in California’s Mojave Desert Geomorphic Province. The

Mojave Desert Geomorphic Province is a wedge-shaped interior region separated from the Sierra

Nevada and Basin and Range Provinces to the northwest by the Garlock Fault and its eastward

extensions, and is bounded to the southwest by the Transverse Range and Colorado Desert

Provinces, the San Andreas Fault, and its southern extensions. The Mojave Desert Geomorphic

Province is characterized by northwest-southeast as well as east-west trending structures and

mountain ranges, separated by desert valleys and plains with many enclosed drainages and playas.

The region surrounding the Project site has undergone a complex geologic history that includes

sedimentation, volcanic activity, folding, faulting, uplift and erosion. The project area is underlain by

Holocene to Miocene basin fill deposits (Stone, 2006). These deposits include younger alluvium, older

(Pleistocene) alluvium, the Pliocene Bouse Formation and the Miocene fanglomerate. The uppermost

alluvium in the basin consists of Holocene to Pleistocene alluvial fan, valley axial (fluvial), playa (dry

lake), and aeolian (wind blown) deposits. A geologic map of the Project site vicinity is included as

Figure 3. Additional maps showing the locations of known faults and earthquakes in the region are

presented in section 5.5 of the AFC submitted for the project and additional geologic maps of the off-

site linear alignment were included in the Data Adequacy Supplement submitted to CEC in September

2009.

Quaternary Alluvium. Quaternary alluvial fill in the basin consists of Holocene to Pleistocene alluvial

fan and valley axial (fluvial or stream) deposits, as well as lacustrine (lake) and playa (ephemeral lake)

deposits (DWR, 2004). These deposits consist of gravel, sand, silt and clay (DWR, 1963). In general,

coarser alluvial fan deposits occur near the valley edges and grade into finer distal fan deposits that

interfinger with fine grained lacustrine and playa deposits near the center of the basin. These deposits

are typically heterogeneous. In addition, the alluvial deposits underlying the western Chuckwalla

Valley are generally thicker and coarser than in the eastern Chuckwalla Valley (Eagle Crest Energy
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Company, 2009). The majority of the Project site is underlain by a relatively thin veneer of active valley

axial alluvial sediments that is in equilibrium (neither eroding or aggrading) and underlain at shallow

depth by older alluvium with buried soil horizons (WorleyParsons, 2009b). A seismic shear wave

profile investigation indicates that shear wave velocities are highest in a layer that occurs at about 20 to

30 feet below ground surface (bgs), which is consistent with the presence of carbonate cementation

(JRA, 2009). Portions of the basin are also occupied by aeolian (wind blown) sand deposits, and these

sediments increase in prevalence near Ford Dry lake and the area southeast of the Project site (DWR,

1963; WorleyParsons, 2009b). The identified aeolian deposits occur at the ground surface and are of

limited thickness. The Quaternary sediments include the Pleistocene-age Pinto Formation, which

consists of coarse fanglomerate (cemented, consolidated or semi-consolidated alluvial fan gravels)

containing boulders and lacustrine clay with some interbedded basalt (DWR, 2004).

Pliocene Bouse Formation. The Pliocene Bouse Formation underlies the Quaternary sediments.

The Bouse Formation includes a marine to brackish-water estuarine sequence deposited in an arm of

the proto-Gulf of California (Stone, 2006; Wilson and Owen-Joyce, 1994). This formation has

alternatively been interpreted as, or may include, lacustrine sediments deposited in a closed, brackish

basin (Stone, 2006). The Bouse Formation is widely reported in the Colorado Valley and tributary

basins in southeastern California and descriptions of this formation come from occurrences outside of

Chuckwalla Valley. It is reported to be composed of a basal limestone (marl) overlain by interbedded

clay, silt, sand and tufa. The top of the Bouse Formation is relatively flat lying with a reported dip of

approximately 2 degrees south of Cibola (Metzger and others, 1973).

Miocene Fanglomerate. The Bouse Formation is unconformably underlain by a fanglomerate

composed chiefly of angular to subrounded and poorly sorted partially to fully cemented pebbles with a

sandy matrix (Metzger and others, 1973). The fanglomerate is likely Miocene-age; however, it may in

part be Pliocene-age (Metzger and others, 1973). The Fanglomerate represents composite alluvial

fans built from the mountains towards the valley and the debris of the fanglomerate likely represent a

stage in the wearing down of the mountains following the pronounced structural activity that produced

the basin and range topography in the area (Metzger and others, 1973). Bedding surfaces generally

dip from the mountains towards the basin. The fanglomerate reportedly dips between 2 and 17

degrees near the mountains due to structural warping (Metzger and others, 1973). The amount of

tilting indicates a general decrease in structural movements since its deposition (Metzger and others,

1973).

Bedrock. Bedrock beneath the Project site consists of metamorphic and igneous intrusive rocks of

pre-Tertiary age that form the basement complex (DWR, 1963), including Proterozoic schist and

gneiss, Paleozoic sedimentary rocks and Mesozoic sedimentary and metavolcanic rock sequences

(Stone, 2006). In some areas in the upper Chuckwalla Valley, volcanic rocks of Tertiary age overlie the

basement complex (DWR, 1963). The bedrock topography in the study area as interpreted by

modeling of Bouger gravity data obtained from USGS is illustrated in Figure 4 and Figure 5. The

methods used to model the bedrock topography are discussed in more detail in Appendix 1.
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Faulting. The Mojave Desert comprises an area bounded by the seismically active Salton Trough to

the west and southwest, and the Garlock Fault to the north. The project site lies within the eastern part

of Riverside County in a part of California considered not to be very seismically active. Although there

are several bedrock faults off-site in the mountains surrounding Chuckwalla Valley, these do no exhibit

recent activity and are presumed to be Tertiary or pre-Tertiary in age (Stone, 2006). Gravity anomalies

suggest the presence of several subsurface faults beneath Chuckwalla Valley in the vicinity of the

project area (Stone, 2006; Rotstein, et al., 1976). The gravity anomalies reflect abrupt changes in

basement elevation strongly suggestive of dip-slip movements and possibly transform movement.

These changes in basement elevation are shown in the bedrock contour map attached as Figure 4.

USGS has concluded that these faults are presumed Tertiary (Stone, 2006). Thus, these faults are not

expected to extend upwards into the basin fill and therefore are unlikely to act as barriers to

groundwater flow. This conclusion is also supported by DWR reports that there are no known barriers

to groundwater flow within the Chuckwalla Valley Groundwater Basin (DWR, 1963, 1979 and 2004).

The bedrock surface topography created by these faults was incorporated as the base of the numerical

groundwater flow model constructed for this investigation (Section 4).

3.7 Hydrogeologic Setting

The Genesis Solar Energy Project is located within the eastern portion of the Chuckwalla Valley

Groundwater Basin (Basin No. 7-5), which has a surface area of 940 square miles. (DWR, 2004). The

basin is bounded by consolidated rocks of the Chuckwalla, Little Chuckwalla, and Mule mountains on

the south; of the Eagle Mountains on the west; of the Mule and McCoy mountains on the east; and

Coxcomb, Granite, Palen, and Little Maria mountains on the north (DWR, 2004) (Figure 6). Water-

bearing units include Miocene to Quaternary age continental deposits divided into Quaternary alluvium,

the Pinto Formation, the Bouse Formation and the Fanglomerate. The maximum thickness of these

deposits may be up to several thousand feet (Owens-Joyce, 1994) and the average specific yield of the

upper 500 feet of unconsolidated sediments is estimated to be 10 percent (DWR, 1979). The

recoverable storage capacity of the aquifers in the groundwater basin is estimated to be about

15,000,000 acre-feet of water (DWR 1979). The upper 100 feet of saturated sediments in the basin

are estimated to have 900,000 acre-feet of groundwater in storage (DWR 1975). The average well

yield in the basin is 1,800 gpm and the maximum well yield is 3,900 gpm (DWR 1975). In general, the

water-bearing sediments underlying the western portion of the basin are coarser grained and

dominated by alluvium, yield water of higher quality, and contain wells with higher pumping capacities

than the eastern portion of the basin, which contains a higher proportion of finer grained sediment and

yields water with higher concentrations of total dissolved solids (Eagle Crest, 2009; DWR, 2004).

The following general information is excerpted from the Groundwater Atlas of the United States,

California and Nevada (USGS, 1995) and is applicable to understanding the general hydrostratigraphy

of the Project site within the Chuckwalla Valley Groundwater Basin.
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Before the most recent period of tectonic activity, which began in middle Miocene time (about 17

million years before present), the Basin and Range region was characterized by moderate relief,

and streams in the region did not have enough power to transport large volumes of sediments.

As the mountains were uplifted, however, stream gradients increased and the transporting power

of the streams greatly increased. Steep, narrow canyons and gulches were incised into the

sharp escarpments that bounded the mountain ranges and enormous volumes of material were

eroded from the mountains. The sediments eroded, transported, and deposited by the streams

are the principal material of basin-fill aquifers. Some of the older basin-fill deposits (Miocene

and Pliocene age) are consolidated; however, the basin fill consists mostly of unconsolidated

deposits of Pliocene through Holocene age.

The most permeable basin-fill deposits are present in the depressions created by late Tertiary to

Quaternary block faulting and can be classified by origin as alluvial-fan, lake-bed, or fluvial

deposits. At the time of major deposition, the climate was more humid than the modern climate.

Lakes were in most of the closed basins and some basins were connected by streams. In

general, the coarsest materials (gravel and boulders) were deposited near the mountains, and

the finer materials (sand and clay) were deposited in the central parts of the basins or in the

lakes. Occasionally, torrential storms produced heavy runoff that carried coarse material farther

from the mountains and resulted in the interfingering of fine and coarse material. The distribution

of sediment size is directly associated with distance from the mountains. Three geomorphic

landforms can be distinguished on the basis of the gradient of the land surface. Alluvial fans

border the mountains and have the steepest surface slopes and the coarsest sediments.

Basinward, individual alluvial fans flatten, coalesce, and form alluvial slopes of moderate

gradient. A playa, or dry lake bed with a flat surface, is present in the lowest part of the basin,

usually at or near the center of the basin, and most of the sediment deposited on the playa is

fine grained.

The most important hydrologic features of the basins are the alluvial fans. The basin fill receives

most of its recharge through the coarse sediments deposited in the fans. These highly

permeable deposits allow rapid infiltration of water as streams exit the valleys that are cut into

the almost impermeable rock of the surrounding mountains and flow out onto the surface of the

fans. The coarse and fine sediments within the alluvial fans are complexly interbedded and

interfingering because the position of the distributary streams that transported the sediments

continually shifted across the top of the fan.

Material deposited in perennial lakes or in playas consists principally of clay and silt with minor

amounts of sand and is present in all of the basins. In most places, these sediments include

some salts deposited by evaporation. The clay and salt deposits merge laterally into coarse-

grained deposits of the alluvial slopes. Minor well-sorted beach sand and gravel locally are in the

subsurface near the shores of once perennial lakes.
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Fluvial deposits of Holocene age in the basins consist primarily of alluvial sand and gravel and

are present along the courses of modern or ancestral streams that generally parallel the long

axes of the basins. Quaternary fluvial deposits in stream channels usually exhibit a greater

degree of sorting than the alluvial-fan deposits.

3.7.1 Hydrostratigraphy

The principal water-bearing strata in the Chuckwalla Valley Groundwater Basin are Quaternary

Alluvium, including alluvial fan, valley axial and lacustrine facies; the Pliocene Bouse Formation,

consisting of either lacustrine or estuarine facies; and the Miocene Fanglomerate, consisting of

cemented alluvial fan facies. The hydrostratigraphy of the eastern portion of the basin, where the

Project site is located, is differs substantially from the hydrostratigraphy of the western portion of the

basin. In general, the western or upper portion of the basin is dominated by coarser grained alluvial

deposits whereas the eastern portion of the basin contains more fine grained lacustrine or estuarine

deposits (Eagle Crest, 2009; GEI, 2009). This fact significantly influences the behavior of groundwater

in the two parts of the basin, the response of aquifers to pumping, and the groundwater quality.

The following water-bearing formations have been identified in the eastern portion of the Chuckwalla

Valley Groundwater Basin. The extent and relationship of these formations are shown in

hydrostratigraphic cross sections A-A’ and B-B’, included as Figure 7 and Figure 8, respectively. The

location of these cross sections is shown on Figure 9. The methods and results of a test well program

investigation implemented for the Project are presented in Appendix 2, and include lithologic and

geophysical logs for the boreholes. Figure 3 illustrates the mapped surface geologic units at in the

vicinity of the Project site.

Quaternary Alluvium. Quaternary alluvial fill in the basin consists of Holocene to Pleistocene alluvial

fan and fluvial (stream) deposits, as well as lacustrine (lake) and playa (ephemeral lake) deposits

(DWR, 2004). These deposits consist of gravel, sand, silt and clay (DWR, 1963). In general, coarser

alluvial fan deposits are expected near the valley edges and grade into finer distal fan deposits that

interfinger with fine grained lacustrine and playa deposits near the center of the basin. These deposits

are typically heterogeneous. In addition, the alluvial deposits underlying the western Chuckwalla

Valley are generally thicker and coarser than in the eastern Chuckwalla Valley (Eagle Crest, 2009;

GEI, 2009). Portions of the basin are also occupied by aeolian (wind blown) sand deposits, but the

identified aeolian deposits occur at the ground surface and are of limited thickness. Therefore, they are

not believed to be an important water bearing unit in the eastern Chuckwalla Valley Groundwater

Basin, but they dominate groundwater production in the western part of the basin.

In the western portion of the basin, the Quaternary sediments include the Pleistocene-age Pinto

Formation, which consists of coarse fanglomerate (cemented, consolidated or semi-consolidated

alluvial fan gravels) containing boulders and lacustrine clay with some interbedded basalt (DWR 2004).
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The fanglomerate would likely yield water freely to wells, but the basalt would likely yield only small

amounts of water (DWR, 1963).

The depth of the Quaternary alluvium is estimated to be approximately 260 feet below ground surface

(bgs) (approximately 125 feet amsl) beneath the Project site based on site-specific investigation. The

Quaternary alluvium constitutes an important aquifer in the western portion of the Chuckwalla Valley;

however, in the eastern portion of Chuckwalla Valley it tends to be brackish and of limited

transmissivity (Eagle Mountain, 2009a).

Pliocene Bouse Formation. The Pliocene Bouse Formation underlies the Quaternary sediments. The

Bouse Formation includes a marine to brackish-water estuarine sequence deposited in an arm of the

proto-Gulf of California (Metzger, 1968; Wilson and Owen-Joyce, 1994). This formation has

alternatively been interpreted as, or may include, lacustrine sediments deposited in a closed, brackish

basin (Stone, 2006). The Bouse Formation is widely reported in the Colorado Valley and tributary

basins in southeastern California and descriptions of this formation come from occurrences outside of

Chuckwalla Valley. It is reported to be composed of a basal limestone (marl) overlain by interbedded

clay, silt, sand, and tufa. The top of the Bouse Formation is relatively flat lying with a reported dip of

approximately 2 degrees south of Cibola (Metzger and others, 1973). The Bouse Formation in the

Chuckwalla Valley Basin is estimated to extend to approximately 1,900 feet bgs (approximately -1,500

feet amsl) beneath the Project site based on geophysical modeling (Figure 4 and Figure 5).

These unconsolidated to semi-consolidated sediments are reported to yield several hundred gallons

per minute (gpm) to wells perforated in coarse grained units (Wilson and Owen-Joyce, 1994). Most of

the active production wells in the eastern Chuckwalla Valley appear to be completed in and/or beneath

this unit (Figure 7 and Figure 8).

Miocene Fanglomerate. The Bouse Formation is unconformably underlain by a fanglomerate

composed chiefly of angular to subrounded and poorly sorted partially to fully cemented pebbles with a

sandy matrix (Metzger and others, 1973). The fanglomerate is likely Miocene-age; however, it may in

part be Pliocene-age (Metzger and others, 1973). The Fanglomerate represents composite alluvial fans

built from the mountains towards the valley and the debris of the fanglomerate likely represent a stage

in the wearing down of the mountains following the pronounced structural activity that produced the

basin and range topography in the area (Metzger and others, 1973). Bedding surfaces generally dip

from the mountains towards the basin. The fanglomerate reportedly dips between 2 and 17 degrees

near the mountains due to structural warping (Metzger and others, 1973). The amount of tilting

indicates a general decrease in structural movements since its deposition (Metzger and others, 1973).

The Fanglomerate is estimated to extend to approximately 2,800 feet bgs (-2,400 feet amsl) beneath

the site based on geophysical modeling (Figure 5). Several production wells in the eastern

Chuckwalla Valley Groundwater Basin are completed partially or completely in this unit (Figure 7 and

Figure 8).
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Bedrock. Bedrock beneath the site consists of metamorphic and igneous intrusive rocks of pre-Tertiary

age that form the basement complex (DWR, 1963). In some areas of the basin, volcanic rocks of

Tertiary age overlie the basement complex (DWR, 1963). These rocks are considered non-water

bearing. The bedrock topography in the study area as interpreted by modeling of Bouger gravity data

obtained from USGS is illustrated in Figures 4 and 5. The methods used to model the bedrock

topography are discussed in Appendix 1.

3.7.2 Groundwater Levels and Flow

In general, groundwater flow in the basin is south-southeastward (Figure 6). Groundwater flow is

directed southward from the basin’s boundary with the Cadiz Valley Basin and east-southeastward

from its boundary with the Pinto Valley Basin, toward the eastern basin boundary where it flows into the

adjacent Palo Verde Mesa Basin (Steinemann, 1989; DWR, 2004). A groundwater level contour map

based on a compilation by Steinemann (1989) of water level data from 1963 is included as Figure 10.

A groundwater level contour map based on groundwater level data collected in 1992 from the eastern

Chuckwalla Valley Groundwater Basin is presented as Figure 11. (There are insufficient synoptic data

for the individual hydrostratigraphic units to prepare more refined groundwater contour maps; however,

the available data provide an adequate understanding of general groundwater flow patterns in the

basin.) The groundwater gradient is the steepest in the western half of the basin and becomes flatter

in the central portion of the basin (DWR, 1963). Near Ford Dry Lake and east of Ford Dry Lake the

gradient becomes steeper as groundwater approaches the narrows in the southeast portion of the

basin (Steinemann, 1989; DWR 1963). In the western portion of the basin, the lateral hydraulic gradient

ranges from 0.001 to 0.002 feet per foot (ft/ft). In the eastern portion of the Chuckwalla Valley

Groundwater Basin, the lateral hydraulic groundwater gradient is approximately 0.0007 to 0.001 ft/ft. A

cone of depression associated with groundwater pumping at the state prison complex in the southeast

part of the basin is evident in the 1992 contour map.

Groundwater levels exceed 500 feet amsl in the western portions of the basin and fall to less than 260

feet amsl near the eastern end of the basin. Near Palen Lake, groundwater occurs near the ground

surface beneath the northwest, upgradient portion of the lake, and drops to 30 feet of more below

ground surface beneath the southeast, or downgradient portions of the lake. Where groundwater

occurs near the ground surface, groundwater discharge by evapotranspiration could be occurring at the

land surface (DWR, 1963). Near Ford Dry Lake, groundwater is reported at depths of 50 feet below

ground surface or shallower. Beneath the site, groundwater occurs at depths ranging from

approximately 70 to 90 feet bgs (approximately 298 to 315 feet amsl) based on regional groundwater

level interpretation (Figure 11) site-specific depth to water measurements (Appendix 2) and

geophysical investigations (Appendix 3 ).

As summarized in Table 3-2, measurement of water level elevations in the test well (TW-1),

observation well (OBS-1) and buried pressure transducers (OBS-2-270, OBS-2-315, OBS-2-370, and
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OBS-2-400) installed at the Project site as part of a test well program during this investigation indicates

a vertical downward hydraulic gradient exists at the Project site across the alluvium and upper Bouse

Formation. This is consistent with our overall understanding regarding groundwater behavior in the

basin. The well construction details for these on-site wells are summarized in Appendix 2.

Table 3-2 Groundwater Level Elevations Measured at the Site

Well ID
Measurement

Date
Approximate Groundwater

Elevation (feet amsl)
Midpoint Filter Pack

Depth (feet bgs)

OBS-1 5/25/2009 306 125

OBS-2 -270 7/9/2009 304 270

OBS-2 -315 7/9/2009 302 315.5

OBS-2 -370 7/9/2009 301 366.5
OBS-2 -400 7/9/2009 297 402.5

TW-1 5/23/2009 297 452

The Chuckwalla Valley Groundwater Basin lies within the western most portion of the lower Colorado

River aquifer and is defined as a tributary valley (Wilson and Owens-Joyce 1994). The most recent

proposed Colorado River Accounting Surface has been established at 238 to 240 feet amsl across the

entire basin (Wiele and others, 2008). Currently, static groundwater levels are higher than the

Accounting Surface throughout the basin; although, static water levels in Well 36 in the southeastern

portion of the basin have historically been reported 0.54 feet above the most recently proposed

Accounting Surface in 1987 and about 4 feet above the most recently proposed Accounting Surface in

2000, when the last reported measurement was taken (Figure 14). Note however that these

elevations apply to the pumped aquifer, and not to the unconfined water table, where the Accounting

Surface determination is generally understood to occur. As discussed above, the groundwater

elevations beneath the Project site range from approximately 298 to 315 feet amsl. This is

approximately 60 to 75 feet above the most recent proposed Colorado River Accounting Surface.

3.7.3 Groundwater Level Trends

The DWR reports that groundwater levels in the basin are generally stable (DWR, 2004). In order to

further assess groundwater level trends in the basin, hydrographs were constructed for selected wells

for which time-series water level data were available from the USGS National Water Information

System (NWIS) and compared to precipitation trends. Precipitation records from the nearest

meteorological station for which long-term data were available (located near Blythe, California) were

examined to help determine if fluctuations in groundwater levels were related to climatic trends or other

factors. The data were used to calculate the cumulative departure from average precipitation, which
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was plotted with the well hydrographs. An upward trend in the cumulative departure curve indicates a

wetter than normal period; whereas, a downward trend indicates a drier than normal period. Table 3-3

summarizes all available groundwater levels in the eastern Chuckwalla Valley Groundwater Basin,

including those that were graphed on the well hydrographs. The locations of these wells are illustrated

on Figure 6.

The hydrographs for four wells located in the western portion of the Chuckwalla Valley Groundwater

Basin (Figure 12) indicate that water levels declined slightly north of Palen Lake (Well 49) between the

1950s and the 1980s; however, water levels west of Palen Lake, near the town of Desert Center,

declined by up to approximately 130 feet between 1980 and 1985 (Wells 48, 52 and 53). As shown on

Figure 12 and discussed in Section 3.7.4.2, this decline was reportedly related to a short term

increase in groundwater pumping associated with agricultural ventures primarily to grow jojoba and

asparagus in the Desert Center area that exceeded the perennial yield of the basin (Eagle Crest, 2009;

GEI, 2009). These ventures proved to be financially non-viable and were discontinued in 1986. Within

several years after pumping was decreased, groundwater levels almost completely recovered.

The hydrographs for three wells located in the central portion of the basin near Palen Lake include

limited water level measurements in this area (Figure 13). At Well 15, water levels increased by

approximately 5 feet between 1992 and 2000. This trend does not appear to be climatically related

and may be related to a recovery of water levels after a decrease in agricultural pumping; however, the

available data for this well do not allow assessment of whether there was any drawdown in this area

during the period of peak agricultural pumping in the western Chuckwalla Valley Groundwater Basin.

The record for Well 51 spans from 1961 through 1992 and shows a generally stable water level trend,

though there is a gap in the record in the 1970s and 1980s during and a water level drop of

approximately 6 feet between 1970 and 1992. This drop could be due to local agricultural pumping.

There are insufficient data available for Well 9 to assess groundwater level trends.

The hydrographs for five wells located in the eastern portion of the basin downgradient of the Project

site reflect variable trends (Figure 14). The water levels in Well 32 remained relatively stable over the

period of record from 1961 to 1970 and the water levels in Well 39, located in the well field constructed

to serve the Chuckwalla and Ironwood State Prisons, remained relatively stable between 1961 and

1985 (within a band of approximately 5 feet), then declined approximately 10 feet between 1985 and

1992. Water levels in Well 43, located approximately 1.5 miles southeast of the prison complex,

increased approximately 15 feet between 1982 and 1992 (based on two data points), then remained

relatively stable between 1992 and 2009. Water levels in Well 33 declined approximately 4 feet

between 1987 and 1992, and water levels in Well 36 declined approximately 13 feet between 1992 and

2000. Both of these wells are located near the prison well field. These declines appear to be

independent of climatic trends and are likely to be at least partially related to groundwater pumping for

Chuckwalla Valley State Prison which began pumping groundwater in 1988 and increased groundwater

production in the early 1990’s when Ironwood Prison was constructed and the prisons became more

populated (Section 3.7.4.2). Significantly, the hydrograph for the only well with a continuous record
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spanning the early 1980s (Well 39), does not appear to exhibit a groundwater level decline associated

with the peak agricultural groundwater pumping in the western Chuckwalla Valley Groundwater Basin

from 1980 to 1986. Two wells show groundwater level increases between the 1980s and early 1990s

that could be associated with water level recovery after the cessation of agricultural pumping (Wells 36

and 43); however, in our opinion, the lack of a drawdown response in Well 39 suggests that any

pumping-induced drawdown in these wells is more likely attributable to more local pumping and not to

pumping in the western Chuckwalla Valley.

3.7.4 Groundwater Budget

3.7.4.1. Groundwater Inflow/Recharge

Natural groundwater recharge to the Chuckwalla Valley Groundwater Basin includes recharge from

precipitation and subsurface inflow from the Pinto Valley Groundwater Basin to the northwest and the

Orocopia Valley Groundwater Basin to the Southwest (DWR, 2004; Eagle Crest, 2009; GEI, 2009).

Underflow from the Cadiz Valley Groundwater Basin has also been hypothesized by DWR (2004);

however, recent work has reportedly confirmed that the Cadiz Valley Groundwater Basin does not

contribute inflow to the Chuckwalla Valley Groundwater Basin (BV and WCC, 1998). Chuckwalla Valley

Groundwater Basin also shares a boundary with the Ward Valley Groundwater Basin, but groundwater

is not reported to flow across this boundary (Bedinger, et al., 1989). Other sources of recharge to the

basin include agricultural return flow and return flow from treated wastewater disposal.

Recharge from Precipitation. In this part of California, almost all moisture from rain is lost through

evaporation or evapotranspiration and runoff occurs principally during intense thunderstorms (RWQCB,

2006). Most recharge from precipitation occurs when runoff from the surrounding mountains exits

bedrock canyons and flows across the coarse sediments deposited in the proximal portions of the

alluvial fans that ring Chuckwalla Valley. To a lesser extent, recharge occurs from infrequent

precipitation or runoff on the valley floor (DWR, 2004). The area of the Chuckwalla Valley watershed

encompasses Chuckwalla Valley (601,543 acres) and the surrounding bedrock mountains (258,825

acres), for a total area of approximately 860,368 acres (Figure 15 and Figure 16).

Available estimates of recharge in Chuckwalla Valley Groundwater Basin are variable and in some

cases based on incomplete or incorrect data. DWR has not published an estimated recharge rate for

the basin (DWR, 2004). In 1986, Woodward Clyde calculated recharge from precipitation for the

Chuckwalla Valley watershed to be 29,530 AFY (Woodward Clyde, 1986). This equates to an average

recharge rate of approximately 0.036 feet per year (0.4 inches). Woodward Clyde reported this number

as approximately 12.8 percent of an average annual precipitation of 3.39 inches per year across the

watershed; however, this was the average annual precipitation in Blythe at the time, and does not

consider that the orographic effect of the surrounding mountains results in precipitation rates up to over

6 inches per year in those portions of the watershed (Hely and Peck, 1964). In 1992, the average
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recharge to Chuckwalla Valley Groundwater Basin was reportedly estimated by BLM and the County of

Riverside to be 5,540 to 5,600 AFY based upon an assumed 10 percent infiltration of precipitation

(Eagle Crest, 2009); however, this number evidently considered only a portion of the watershed as it

would equate to an average annual precipitation depth of only about 1 inch per year across the

watershed, which is incorrect. We conclude that this estimate, which was derived in 1992 as part of the

EIS for the proposed Eagle Mountain Landfill north of Desert Center, applied to a portion of the western

watershed only.

Recent studies have demonstrated recharge rates for nearby desert basins ranging from approximately

3 to 5 percent or 2 to 5 percent to total incident precipitation on the basin catchment area (Whitt and

Jonker, 1998). A review of recharge studies in the arid southwest performed by USGS (2007) cited a

wide range of recharge rates, but rates in similar basins ranged from about 3 to 7 percent.

As evidenced by the above data, estimates of recharge are typically variable and dependant on the

approach used and the extent and quality of available data. Recharge estimates from precipitation can

be derived using approaches such as water balance calculation, groundwater water flow modeling,

chloride mass balance calculation, isotope mixing cell flow models, empirical water balance methods

(e.g., Maxey-Eakin), and methods based on, or adjusted using, site-specific measurements, such as

infiltration studies. The Maxey-Eakin method and various derivations have been widely used for

estimation of recharge in arid basins. This empirical method consists of the determination of

precipitation zones considering orographic effects, and application of recharge rate coefficients to each

zone based on empirical factors that may be regionally derived or adjusted to reflect local conditions.

This method has been criticized as being unreliable because of the uncertainty in the derived recharge

rate coefficients (Lerner, et al., 1990); however, a review of over 60 recharge estimates in Nevada by

Avon and Durbin (1994) indicated the method compared favorably with independent recharge

estimates derived using other methods. Specifically, they found the standard deviation Maxey-Eakin

recharge from values derived using independent estimates was not more than 4,800 AFY, and the

standard deviation from values derived using modeling studies was not more than 4,100 AFY. Maurer

and Berger (2006) observed that application of the Maxey-Eakin method involves many uncertainties

and has limitations, principally because it does not consider the location and mechanism of recharge

within a basin. Davisson and Rose (2000) indicated that Maxey-Eakin estimates should be calibrated

using the correct regional climatic data and local topographic conditions. They noted that areas in the

Mojave Desert west of 116 degrees longitude generally have significantly less precipitation at higher

elevations than areas that are located further to the east (such as the proposed project site).

Hely and Peck (1964), present data regarding precipitation (including orographic adjustments),

evapotranspiration, and runoff for portions of the lower Colorado River watershed and the Imperial

Valley. Data compiled by Hely and Peck have been used to derive recharge estimates using a water

balance approach. The use of this data requires consideration of local conditions and understanding of

the mechanism of recharge, because runoff estimates presented in Hely and Peck’s report do not

include consideration of ephemeral stream flow losses due to infiltration at the mountain front, which is
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the primary recharge mechanism in the basin. In addition, evapotranspiration is presented as potential

evapotranspiration, which is significantly higher than actual evapotranspiration in desert basins. As

such, calibration or adaptation of the data are important to achieving a meaningful recharge estimate in

a particular basin. In addition, of the three water budget inputs provided by Hely and Peck, maps

showing precipitation cover most of the basin, but mapped evapotranspiration and runoff do not cover

the basin, and would need to be estimated using other methods. Because the information to derive

meaningful recharge estimates using the data of Hely and Peck is not readily available, considerable

study would be required to use a water balance approach to estimate recharge from precipitation, and

even when complete, significant uncertainty would remain given the current state of knowledge of the

basin. We have therefore used an empirical approach to estimate recharge, as described further

below.

For this study, recharge from precipitation was estimated by overlaying isohyetal maps prepared by

Hely and Peck on the Chuckwalla watershed boundaries and calculating the volume of average annual

precipitation for each of four precipitation zones for the valley and bedrock portions of the watershed.

This overlay is presented in Figure 15 and Figure 16 for the western and eastern sub-basin,

respectively. Recharge was then estimated as 2, 3, 5 and 10 percent of total incident precipitation and

a reasonable lower bound recharge estimate was adopted. Overlays were performed separately for

the western watershed, which encompasses the Palen Detailed Analysis Unit (DAU) designated by

DWR, and the eastern watershed, which encompasses the Ford DAU designated by DWR. These sub-

watersheds drain to Palen and Ford Dry Lakes, respectively. The calculated average annual

precipitation volume for the Palen sub-watershed is 156,000 acre feet based on an area-weighted

average precipitation of 4.462” and an area of 419,659 acres. The calculated average annual

precipitation volume for the Ford sub-watershed is 159,000 acre feet based on an area-weighted

average precipitation of 4.316 and an area of 440,709 acres. Recharge for the Chuckwalla Valley

Groundwater Basin is estimated as a fraction of 2, 3, 5 and 10 percent of total incident precipitation is

therefore calculated to be 6,300, 9,440, 15,750 and 31,500 AFY, respectively, which is very close to

the Woodward Clyde (1986) calculation.

Based on the above analysis, approximately 36 percent of precipitation in the watershed falls on the

bedrock areas that ring the watershed. This is significant because precipitation that falls on the valley

floor is not expected to contribute consistently to recharge. Studies published by USGS report

approximately 7 to 8 percent of precipitation falling on bedrock mountains in other arid basins goes to

mountain front recharge (USGS, 2007). This would amount to approximately 3 percent of the total

precipitation that falls on the Chuckwalla Valley watershed. We therefore recommend that in the

absence of more detailed study, 3 percent of total precipitation falling on the Chuckwalla Valley

watershed (9,450 AFY) should be as a reasonable lower bound estimate of recharge to the

groundwater basin.

Subsurface Inflow. Underflow from the Pinto Valley Groundwater Basin has been calculated to be

3,173 AFY (GeoPentech, 2003; Eagle Crest Energy Company, 2009a). Inflow from the Orocopia Valley
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Groundwater Basin has been estimated to be 1,700 AFY (LCA, 1981). CH2M Hill (1996) estimated the

combined subsurface inflow from both basins to be 6,700 AFY. However, recent studies by

GeoPentech reportedly indicate that subsurface inflow from Orocopia Valley Groundwater Basin may

be as low as several hundred AFY (AECOM, 2009). We therefore recommend that a combined

subsurface inflow rate of 3,500 AFY be assumed for both basins for water budget purposes.

Wastewater Return Flow. Chuckwalla State Prison was constructed approximately 6 miles southwest

of the project site in 1988, and Ironwood State Prison became operational in 1994. The prisons use an

unlined pond to dispose of treated wastewater, and a large percentage of this discharge is reported to

infiltrate into the subsurface and recharge the Chuckwalla Valley Groundwater Basin. For the years

1998 through 2001, DWR-DPLA reported that deep percolation of applied urban water in the

Chuckwalla Planning Area (assumed to be wastewater return flow) was 500 to 800 AFY (DWR-DPLA,

2007). Information provided verbally by authorities at the State prison complex (Lanahan, 2009),

indicate that approximately 600 AFY of treated effluent recharges the basin. Recently published water

budget information for the Eagle Crest Pumped Storage Project (Eagle Crest, 2009; GEI, 2009),

indicates 795 AFY of treated effluent are recharged by the prison.

An additional source of wastewater return flow in the basin is approximately 36 AFY from the Lake

Tamarisk development near Desert Center (Eagle Crest, 2009; GEI, 2009).

Irrigation Return Flow. The amount of applied irrigation water that returns to recharge a groundwater

basin depends on the soil, crop type, amount and method of irrigation, and climatic factors. Woodward

Clyde (1986) reported an irrigation efficiency of 60 percent (return flow of 40 percent) for jojoba crops

in Chuckwalla Valley. DWR-DPLA reported an irrigation efficiency of 72 percent (return flow of 28

percent) for subtropical crops in the Palen Detailed Analysis Unit (DAU) of the Chuckwalla Planning

Area (DWR-DPLA, 2007). In its water budget calculations for the Chuckwalla Planning Area in support

of California Water Plan updates, DWR-DPLA calculated an irrigation return flow of approximately 9 to

11 percent for 1998, 2000 and 2001, respectively. In our opinion, a 10 percent return flow is a

reasonable to conservative factor for deep percolation from irrigation in the basin, and may be applied

to the assumed agricultural and landscape water demand in the basin for the purposes of a water

budget. Return flows are calculated using this factor below.

3.7.4.2. Groundwater Outflow and Demand

Groundwater provides the only available water resource in Chuckwalla Valley. Designated and

potential beneficial uses of groundwater in the basin include domestic, municipal, agricultural and

industrial use (RWQCB, 2006). As such, groundwater demand is a significant contributor to basin

outflow. Other sources of basin outflow include subsurface discharge to the Palo Verde Mesa

Groundwater Basin, and possibly evapotranspiration at Palen Lake.
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Groundwater Demand. As summarized below in Table 3-4, below, current and historical groundwater

pumpage in Chuckwalla Valley Groundwater Basin includes agricultural water demand, pumping for

Chuckwalla and Ironwood State Prisons, pumping for the Tamarisk Lake development and golf course,

domestic pumping and a minor amount of pumping by Southern California Gas Company. In addition,

historical pumpage included water supply for the Kaiser Corporation Eagle Mountain Mine. With the

exception of pumping for Chuckwalla Valley and Ironwood State Prisons, most of the groundwater

pumping in the basin has occurred in the western portion of the basin, near the town of Desert Center.

A summary of data regarding current and historical groundwater pumping in the basin is presented

below.
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Table 3-4 Current and Historical Groundwater Pumping

Western Chuckwalla Groundwater Basin (AFY)
Eastern Chuckwalla

Groundwater Basin (AFY)

Year
Agricultural

Pumping
Aquaculture
Pumping 3

Tamarisk Lake
Pumping 3

Eagle
Mountain Mine

Pumping 3

Southern
California Gas

Company 3

Desert Center
Pumping

Prison
Pumping

Agricultural
Pumping
(including

Prison)
Wiley's Well
Rest Stop

1965 -- -- 0 2,454 -- -- 0 0 --
1966 -- -- 0 3,864 -- -- 0 0 --
1967 -- -- 0 3,951 -- -- 0 0 --
1968 -- -- 0 4,019 -- -- 0 0 --
1969 -- -- 0 4,097 -- -- 0 0 --
1970 -- -- 0 3,507 -- -- 0 0 --
1971 -- -- 0 3,211 -- -- 0 0 --
1972 -- -- 0 2,344 -- -- 0 0 --
1973 -- -- 0 3,724 -- -- 0 0 --
1974 -- -- 0 3,555 -- -- 0 0 --
1975 -- -- 0 3,574 -- -- 0 0 --
1976 -- -- 0 3,750 -- -- 0 0 --
1977 -- -- 0 3,896 -- -- 0 0 --
1978 -- -- 0 4,177 -- -- 0 0 --
1979 -- -- 0 4,166 -- -- 0 0 --
1980 -- -- 0 3,245 -- -- 0 0 --
1981 11,331 3 302 900 4 3,005 -- 20 4 0 4,400 10 --
1982 13,220 3 302 900 4 1,574 -- 20 4 0 4,400 10 --
1983 15,108 3 302 900 4 47 -- 20 4 0 4,400 10 --
1984 16,997 3 302 900 4 790 -- 20 4 0 4,400 10 --
1985 18,885 3 302 900 4 484 -- 20 4 0 4,400 10 --
1986 20,778 3 302 900 4 450 -- 20 4 0 4,400 10 --

Year Western Chuckwalla Groundwater Basin (AFY)
Eastern Chuckwalla

Groundwater Basin (AFY)
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Agricultural
Pumping

Aquaculture
Pumping 3

Tamarisk Lake
Pumping 3

Eagle
Mountain Mine

Pumping 3

Southern
California Gas

Company 3

Desert Center
Pumping

Prison
Pumping

Agricultural
Pumping
(including

Prison)
Wiley's Well
Rest Stop

1987 -- -- -- 0 -- -- 0 4,400 10 --
1988 -- -- -- 0 -- -- 492 5 3,900 10 --
1989 -- -- -- 0 -- -- 492 5 3,900 10 --
1990 -- -- -- 0 -- -- 690 5 3,900 10 --
1991 -- -- -- 0 -- -- 690 5 3,900 10 --
1992 5,587 3 302 1,090 6 0 1 50 690 5 500 --
1993 -- -- 1,090 6 0 1 50 690 5 500 --
1994 -- -- 1,090 6 0 1 50 690 5 500 --
1995 -- -- 1,090 6 0 1 50 2,100 5 500 --
1996 2,235 3 302 1,090 6 0 1 50 2,100 5 500 --
1997 -- -- 1,090 6 0 1 50 2,100 5 500 --
1998 4,400 7 -- 1,090 6 0 1 50 2,100 5 500 --
1999 -- -- 1,090 6 0 1 50 2,100 5 500 --
2000 2,700 7 -- 1,090 6 0 1 50 2,100 5 500 --
2001 2,600 7 -- 1,090 6 0 1 50 2,100 5 500 --
2002 3,000 8 -- 1,090 6 0 1 50 2,100 5 500 --
2003 2,900 8 -- 1,340 6 0 1 50 2,100 5 500 --
2004 2,700 8 -- 1,190 6 0 1 50 2,100 5 500 --
2005 3,433 3,9 215 0 6 0 1 50 2,100 5 500 --
2006 -- -- 1,200 6 0 1 50 2,100 5 500 --
2007 6,389 3 215 1,200 6 0 1 50 2,100 5 500 --
2008 -- 530 6 0 1 50 2,100 5 500 --
2009 6,400 215 1,090 6 0 1 50 2,100 500 5 11

2009 7,756 2,605



GROUNDWATER RESOURCES INVESTIGATION

GENESIS SOLAR ENERGY PROJECT, RIVERSIDE COUNTY, CALIFORNIA

Genesis GRI 08-Jan-10.doc 29

Notes:
1. Western Chuckwalla Valley Groundwater Basin. Boundaries assumed to coincide with DWR's Palen Detailed Analysis Unit
2. Eastern Chuckwalla Valley Groundwater Basin. Boundaries assumed to coincide with DWR's Ford Detailed Analysis Unit
3. Eagle Crest, 2009; GEI, 2009
4. Derived from total combined pumpage for Tamarisk Lake, Desert Center and Southern CA Gas Co. in GEI, 2009
5. Lanahan, 2009 and ES, 1990. Calculated water demand based on prison population capacity multiplied by a daily water demand of 220 gallons per inmate per day.
6. Pumping includes golf course irrigation and a small amount of domestic use, reported for 2003 to 2008, remaining years based on average for that period, excluding (2005 GEI,

2009).
7. DWR-DPLA, 2007
8. DWR, 2009
9. DWR, 2009 reported 2,400 AFY

10. Water demand based on an estimated additional 2,000 acres of jojoba in production in western Chuckwalla Valley(see text for explanation) and a water duty of 2.2 feet per acre
(Mann, 1986). Water demand assumed to decrease by 700 AFY with construction of Chuckwalla Valley Prison (ES, 1990). Jojoba production in western Chuckwalla Valley
assumed to have ceased by 1992, because a survey of agricultural production in the valley in Eagle Crest, 2009 did not identify and agricultural production in this area.

11. Assumed water duty based on 2,000 visits/day x 2 gallons per visit.
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Pumpage for agricultural irrigation is the main contributor to groundwater demand and has varied

significantly over time. Irrigation reached a maximum in the early to mid-1980s when significant

acreage was devoted to cultivation of jojoba and to a lesser extent to asparagus (Eagle Crest, 2009).

Agricultural pumpage reportedly reached a maximum in 1986, when a total of 20,774 AFY was

withdrawn to irrigate 5,662 acres, mostly in the area around Desert Center. Agricultural pumpage from

1981 to 1986 in this area was calculated to have removed 39,000 acre feet from storage and caused a

water level decline of approximately 130 feet in one well near Desert Center. Most of the agricultural

ventures that contributed to this pumping were found to be uneconomical and ceased operating by the

mid to late 1980s. Between 1986 and 1992, acreage in jojoba production decreased from 4,005 to

1,351 acres, and asparagus production decreased from 1,157 to 200 acres. By 1996, jojoba and

asparagus production had decreased to 200 and 120 acres, respectively. As a result, groundwater

demand significantly decreased and water levels recovered within a few years (Eagle Crest, 2009). As

shown in Figure 17, during the time of peak agricultural pumping in the western basin, water levels

declined approximately 2 to 3 feet in Well 49 (located in the western basin north of Palen Lake). In

addition, as shown in Figure 14, water levels during this time were stable in Well 39 (located in the

eastern basin near the state prison complex). Two wells in the eastern basin for which water level data

were sparse or unavailable during the early 1980s showed a water level recovery in the late 1980s;

however, the data suggest these wells are more likely to have been affected by local pumping in the

eastern portion of the basin than by pumping in the western portion of the basin.

Although the above estimates of agricultural pumping are reported to apply to the entire basin,

Woodward Clyde (1985) reported that 9,600 acres were under cultivation in the basin as of 1985,

mostly in jojoba, with a total groundwater demand of 48,000 AFY. A current source indicates that up to

6,000 acres were in jojoba production in Chuckwalla Valley at one time (La Ronna Jojoba Company,

2009). This is likely a more reliable number based on available information regarding historical

agricultural water use in the eastern Chuckwalla Valley, and is adopted in the historical water use

estimates listed above. The area where Chuckwalla State Prison was constructed was reportedly in

agricultural production prior to the time the prison was constructed, and construction of the prison

reduced agricultural groundwater consumption at the prison site from 1,200 AFY to approximately 500

AFY (ES, 1990). In addition, jojoba fields or growing operations are reported to have been associated

with Wells 2 (installed in 1981), Wells 3, 13, 26 and 43 (installed in 1982), Well 29 (installed in 1983),

and Well 44 (installed in 1989). This information suggests that significant agricultural demand existed in

the eastern Chuckwalla Valley Groundwater Basin through the 1980s. Presently, none of these wells is

being used for irrigation purposes.

Current pumpage is estimated to be approximately 7,900 AFY in the western Chuckwalla Valley

Groundwater Basin and 2,605 AFY in the eastern basin. Agricultural production is limited to the

eastern portion of the basin (Eagle Crest, 2009; GEI, 2009; DWR, 2009), with the exception of a

relatively limited amount of acreage that is associated with the state prisons.
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Subsurface Outflow. Subsurface outflow to Palo Verde Mesa Groundwater Basin was estimated by

Metzger (1973) to be 400 AFY. This calculation was based on a cross sectional profile of the boundary

between the two basins derived using geophysical methods and regional date regarding groundwater

gradients and hydraulic conductivity. Woodward Clyde (1986) revised this estimate based on the

results of pump testing at Chuckwalla State Prison and calculated the basin outflow to be 870 AFY.

Engineering Science (1990) updated this estimate to 1,162 AFY, presumably as a result of return flow

from prison wastewater disposal; however, the rationale for this adjustment was not provided. Using

more recent gravity data, Wilson and Owens-Joyce (1994) found that the area through which discharge

occurs is significantly more limited than previously thought due to the presence of a buried bedrock

ridge. As a result, the most recent available water budget for the basin has adopted an outflow rate of

400 AFY (Eagle Crest, 2009).

Palen Lake Evapotranspiration. Regional groundwater flow and discharge mapping performed by

USGS (Bedinger, et al., 1989) did not identify Palen Lake as an area where groundwater discharges at

the ground surface. Nevertheless, groundwater elevation contour mapping suggests that groundwater

may occur near the ground surface beneath approximately the northwestern 25 percent of Palen Lake.

Groundwater levels were measured in Well 49, located about 2 miles north of Palen Lake, between

1932 and 1984. Between 1954 and 1984, groundwater levels in this well fell by approximately 5 feet,

from about 20 to about 25 feet below the ground surface, presumably due to groundwater pumping in

the basin. Groundwater levels in this well do not indicate any seasonal variations in water level. DWR

(1963) identified the presence of mesquite trees on low mesa-like promontories of Pleistocene

lacustrine sediments at the northwest margin of Palen Lake playa, also suggesting the possible

presence of relatively shallow groundwater. These data suggest it is possible that an area in the

northern portion of Palen Lake is operating as a wet playa. Groundwater levels beneath the

southeastern portions of Palen Lake, and a small ancillary playa located approximately 1 mile

southeast of Palen Lake, are 20 to 30 feet below ground level (Steinemann, 1989), indicating these are

dry playa areas.

Potential indicators of groundwater discharge at Palen Lake would include salt accumulation, wetland

vegetation indicative of very shallow groundwater, moist soil, or a near surface groundwater table. To

investigate the potential presence and extent of these features, WorleyParsons reviewed historical

imagery, performed a surface reconnaissance on December 2010, and performed a surface and

subsurface reconnaissance on December 30, 2009. Salt would be expected to accumulate in Palen

Lake simply by virtue of the fact that it is the terminal sink of a drainage area that is over 400,000 acres

in size, and periodic surface water inflow will tend to both transport salt to the playa and dissolve

recrystallize salt deposits that are present. Therefore, our reconnaissance investigations focused on

observation identifying whether plant species are present that are indicative of shallow, near surface

groundwater, observation of the type and distribution of salt deposits, investigation of the soil moisture

profile, and investigation for shallow groundwater.
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Review of aerial photography indicates an approximately 700 acre area of dissected salt pan in the

northwest portion of the playa (Figure 17). This feature is surrounded by an additional approximately

1,300 acres that show evidence of more limited surface salt accumulation. The extent of this area is

visible in aerial imagery from November 2005, and was generally confirmed by a reconnaissance

performed on December 10 and 30, 2009. Review of the historical progression aerial imagery

presented in Figure 17 indicates no or limited salt accumulation in this area from 1996 through 2002,

light salt accumulation in March of 2005, and the currently observed salt pan area in November 2005.

This suggests that salt pan accumulation in the playa is episodic; however, seasonal, intermittent

accumulation cannot be ruled out. Historical precipitation records indicate that 2005 rainfall in Blythe

was approximately twice the long term annual average, with 5.10 inches occurring in January and

February 2005 (WRCC, 2006), just before the March 2005 aerial photograph was taken. These storm

events would be expected to have resulted in dissolution and recrystallization of salt deposits by direct

evaporation and by wetting and subsequent drying of salt containing playa sediments. As such, they

are likely responsible for at least a portion of the observed salt accumulation; however, groundwater

discharge by evaporation at the ground surface could also be responsible.

During our December 10 site visit, conditions at the northwestern edge of the playa were investigated.

Intermittent salt deposits were observed to be located both in low lying areas and on the tops of low,

dissected, mesa-like promontories of Pleistocene lacustrine sediments approximately 3 feet high that

extend into the playa. Deposition of salt by groundwater evaporation at the surface would be expected

to occur on the sides as well as the top of these promontories. The occurrence of salt deposits on the

top, but not on the sides, suggests that these deposits are the result of salt dissolution from layers with

elevated salt content and reposition as soil moisture evaporates at the ground surface. During this

reconnaissance, the shallow soil beneath the salt deposits was observed to be wetted to a depth of

approximately 3 inches from a recent rain event, but underlying soil to depths of approximately 1 foot

were observed to be generally dry. As such, evidence of salt deposition by evapotranspiration at the

playa surface was not observed in this area during our reconnaissance.

Mesquite trees were observed in the area north of the playa, but wetland species or other species

indicative of shallow groundwater were not observed. Mesquite trees are typically thought to be

associated with “shallow” groundwater; however, the term shallow should be understood in a relative

sense -- the depth to groundwater utilized by mesquite trees may be several tens of feet below the

ground surface. This is too deep to support groundwater discharge at the ground surface. Thus, the

presence of mesquite is not necessarily indicative of discharging playas.

During the December 30 site visit, two hand auger borings were advanced to approximately 10 feet

below the ground surface beneath the salt pan area in the northwest portion of the playa. The moisture

content of the soil was observed to increase with depth in both borings, and free groundwater was

encountered at a depth of approximately 8 feet below the playa salt pan surface in one of the borings.

Subsurface soil encountered consisted of alternating layers clay/silt mixtures and sandy sediments. A

depth of 2 to 3 meters is generally the maximum depth of free water documented beneath discharging
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playas (Tyler, 2005). This suggests that groundwater could be shallow enough to discharge at the

surface by capillary rise and evaporation to occur at least some of the time.

Based on the above data, salt accumulation at Palen Lake is likely the result of dissolution and

recrystallization of existing salt deposits during times of surface water inflow, as well as limited episodic

and possibly seasonal or intermittent groundwater discharge. The rate of groundwater discharge in a

wet playa is dependant on the depth to groundwater and magnitude of upward vertical gradients, the

ability of subsurface materials to facilitate capillary rise, climatic conditions, and the presence and

extent of free water, wetlands and salt pans on the playa surface (Tyler, 2005; Allen and Sharike,

2003). In general, groundwater discharge rates are highest when groundwater is shallow,

temperatures are high, and when open water or wetlands are exposed at the playa surface. Increased

depth to groundwater, lower temperatures, the presence of coarse grained material that inhibits

capillary rise, and the presence of salt pan (which increases albedo) tends to decrease groundwater

discharge rates. Based on these factors, discharge of groundwater at Palen Lake appears to be

limited based on the depth to groundwater (including absence of vegetation that indicates consistent

shallow groundwater), the presence of coarse grained layers that limit capillary rise and the apparent

intermittent or episodic nature of discharge.

Groundwater discharge rates were estimated based on reported groundwater discharge rates at other

playas, the area of identified salt accumulation, and the evident episodic or intermittent nature of salt

accumulation. Measured evapotranspiration rates at Franklin Lake Playa were used to form a basis for

this estimate (USGS, 2007b). Franklin Lake Playa is a well developed and extensively characterized

wet playa in the Death Valley area. Evapotranspiration rates at Franklin Lake Playa were measured to

be 38 to 41 cm/year (1.3 to 1.4 feet/year) using the Energy-Balance Eddy-Correlation method, which

was reported to be the most reliable method for evapotranspiration measurement. These rates would

be a conservative measure of evapotranspiration for an active wet playa at Palen Lake for the following

reasons:

 Franklin Lake Playa is a terminal playa, which is the terminal discharge point of the local

groundwater flow system; whereas, Palen Lake is a bypass playa, with most groundwater

flowing laterally past the playa.

 Groundwater levels at Franklin Lake Playa are within approximately 3 feet of the ground

surface; whereas, groundwater levels beneath the Palen Lake salt pan area were

observed to about 8 feet below ground surface during our reconnaissance.

 Franklin Lake Playa includes extensive groundwater discharge features (e.g., saltpan,

puffy ground and halophyte wetlands). These features are generally less developed or

lacking at Palen Lake, indicating less groundwater discharge would be expected at Palen

Lake.
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 The available data suggest that groundwater discharge, if it is occurring at Palen Lake, is

episodic or intermittent; whereas groundwater discharge at Franklin Lake Playa occurs

throughout the year.

 Evapotranspiration rates at wet playas are temperature dependant, with maximum rates

occurring during the summer months. Franklin Lake Playa occurs in Death Valley, where

mean annual and summer high temperatures typically exceed those at Palen Lake.

The total area of potential groundwater discharge at Palen Lake is estimated to be approximately 2,000

acres, with salt pan occupying approximately 700 acres of this total. Based on a groundwater

discharge rate that is approximately half that at Franklin Lake Playa occurring for three months every

year, the total discharge rate would be approximately 0.175 feet of water per year. Over an area of

2,000 acres, this equates to approximately 350 AFY.

3.7.4.3. Groundwater Budget

The perennial yield of Chuckwalla Valley Groundwater Basin has been estimated to be between

10,000 and 20,000 AFY (Hanson, 1992). A perennial yield of 12,200 AFY was adopted in the EIS for

the Eagle Mountain Landfill project in 1992 (BLM and County of Riverside, 1992); however, as

discussed in Section 3.7.4.3, the amount of recharge from precipitation used to derive this number

appears to be based on recharge to only a portion of the basin, so the perennial yield may be

underestimated.

A comprehensive water budget was compiled based on published literature, water budget information

collected by the DWR for updates to the California Water Plan, information obtained from the California

State Prison Authority, and the analysis of basin inflow and outflow discussed in the previous two

sections. This information is summarized in Table 3-5, below.
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Table 3-5 Chuckwalla Valley Groundwater Basin Groundwater Budget

Budget Components

Western
Chuckwalla

Valley
Groundwater

Basin

Eastern
Chuckwalla

Valley
Groundwater

Basin Totals
Inflow

Recharge from Precipitation 4,680 4,760 9,440
Underflow from Pinto Valley
and Orocopia Valley
Groundwater Basins

3,500 -- 3,500

Irrigation Return Flow 750 50 800
Wastewater Return Flow 36 795 831
Total Inflow 8,381 4,940 13,321

Outflow
Groundwater Pumpage 7,868 2,607 10,475
Underflow to Palo Verde Mesa
Groundwater Basin

‘-- 400 400

Evapotranspiration at Palen
Lake 350 -- 0
Total Outflow 8,218 3,007 10,875

3.7.5 Groundwater Quality

Groundwater quality varies markedly in the basin. Groundwater in the western portion of the basin near

Desert Center generally contains lower concentrations of total dissolved solids (TDS) than groundwater

in the eastern, downgradient portions of the basin (Steinemann, 1989). This is especially true of

shallow groundwater contained in the alluvium beneath the eastern portion of the basin, and is

consistent with groundwater undergoing salt loading, possibly through evapotranspiration at Palen

Lake and/or through contact with lacustrine deposits that contain soluble salts.

Groundwater to the south and west of Palen Lake is typically sodium chloride to sodium sulfate-

chloride in character (DWR, 2004). Reported concentrations of TDS in the basin range from 274

milligrams per liter (mg/L) to 8,150 mg/L with an average concentration of 2,100 mg/L (Steinemann,

1989). In general, the groundwater in the basin has concentrations of sulfate, chloride, fluoride, and

dissolved solids too high for domestic use and concentrations of sodium, boron and dissolved solids

too high for irrigation use (DWR, 1975). Several of the wells sampled in the basin contain elevated

levels of fluoride and boron.

Available TDS and chloride concentrations reported for wells in the Chuckwalla Valley are summarized

in Table 3-6. This table includes samples collected by WorleyParsons from several wells in the vicinity
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of the Project site (TW-1, OBS-2, and Wells 3, 14, 15, 16, 17, 26 and 29). The laboratory analytical

reports for these samples are included in Appendix 4 and the sampling methods are described in

Appendix 2. The available data indicates that water quality varies laterally and vertically in the vicinity

of the Project site. Generally, water quality improves vertically with depth and laterally to the south.

Vertically, TDS concentrations are generally highest in the alluvium followed by the Bouse Formation

and finally by the Fanglomerate.

To further evaluate the variability in TDS concentrations with depth beneath the Project site, the

geophysical log (electrical resistivity) from OBS-2 was used to calculate estimated TDS concentrations

between 80 and 900 feet bgs. The method used to calculate the TDS concentrations are described in

Appendix 5. Calculated TDS concentrations from borehole geophysical logging indicate TDS

concentrations as high as 30,600 mg/L within shallower, finer grained units (silt and clay) in the

alluvium decreasing to less than 5,000 mg/L TDS in more transmissive sediments in the Bouse

Formation at depths of 800 to 900 feet bgs (Appendix 5). Calculated TDS concentrations in clayey

materials may not be an accurate representation of the formation fluid salinity because the clays

themselves contribute to the formation conductivity, but nevertheless, a clear trend is discernible even

if the finer grained units are neglected. Transient electromagnetics (TEM) surveys were also

conducted at the Project site to evaluate variability in water quality with depth (Appendix 3). The

results of the TEM surveys show the same trend of decreasing TDS concentrations with depth

relatively consistently beneath the Project site and the area to the south near Well 14. Laterally, TDS

concentrations in groundwater decrease south and southeast of the Project site within all three water

bearing units in the basin, and are lowest in the area south of I-10, as referenced in Figure 19.

The chloride data summarized in Table 3-6 were used as initial concentrations for the numerical solute

transport model (MT3D) discussed in Section 5.4. The model layer or layers penetrated by the wells

with available chloride data are included in Table 3-6 and the locations of wells for which data are

summarized and the hydrostratigraphic units in which these wells are completed are illustrated in

Figure 19.

Detailed analytical results for on-site groundwater quality samples collected during the test well

program are summarized in Table 3-7.

3.7.6 Groundwater Wells

An inventory of groundwater wells in the area was compiled from published literature, review of data

from the NWIS, and by obtaining well completion records from the DWR for wells registered in an

approximately 300 square mile area in the eastern Chuckwalla Valley Groundwater Basin. A total of 47

wells were identified, the majority of which are abandoned or disused. Information regarding the

completion depths, construction details, and status of these wells, to the extent available, is presented

in Table 3-8. An additional seven key wells with water level information available in the USGS National
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Water Information System (NWIS) were identified in the western portion of the Chuckwalla Valley

Groundwater Basin. The locations of the wells are shown on Figure 6.

3.7.7 Aquifer Properties

The basin fill sediments within the eastern Chuckwalla Valley Groundwater Basin include three major

hydrostratigraphic units: the alluvium, the Bouse Formation, and the Fanglomerate. Groundwater in the

alluvium likely occurs under unconfined conditions but could locally be semi-confined. The alluvium is

generally more permeable in the western portion of the basin near Desert Center and is reported to

occur under unconfined to semi-confined conditions in that area (Eagle Crest, 2009; GEI, 2009).

Groundwater in the Bouse Formation and the Fanglomerate occurs under confined conditions based

on stratigraphic data and storativity values derived from aquifer pumping tests. Table 3-9 summarizes

the reported and estimated aquifer properties for these aquifers based on data from specific capacity

tests and aquifer pumping tests performed on 14 wells in the eastern Chuckwalla Valley Groundwater

Basin (including an aquifer pumping test performed at the site as discussed in Appendix 2 and 6), and

several aquifer pumping tests performed on wells in the western Chuckwalla Valley Groundwater

Basin. The data are grouped according the hydrostratigraphic units in which the pumped wells are

reported or interpreted to be completed, as shown on Table 3-9. Data regarding the laboratory-

measured porosity, effective permeability, and hydraulic conductivity values of soil samples collected

from the Bouse Formation during drilling at the Project site is presented in Appendix 7.

Table 3-9 summarizes the reported and estimated aquifer properties for the Bouse Formation and

Fanglomerate based on data from specific capacity tests and aquifer pumping tests performed on 14

wells in the eastern Chuckwalla Valley Groundwater Basin, including an aquifer pumping test

performed at the Project site. Because the pumping test performed at the site was conducted on a well

completed stratigraphically several hundred feet above the proposed production interval for the project,

it is appropriate to use data from this test to characterize the properties of the upper Bouse Formation

that overlies the pumping interval and then consider the results of the pumping test together with other

data from the basin (and possibly other locations) to derive average aquifer properties for the

production interval to be used in the model. The hydraulic conductivity data for the Bouse Formation

and Fanglomerate are relatively consistent across the eastern portion of the basin, and average

approximately 12 to 14 feet per day. Therefore, we consider a hydraulic conductivity of 14 feet/day to

be a reasonable generalized value for the middle and lower portion of the Bouse Formation and the

Fanglomerate for use in modeling. However, both higher and lower hydraulic conductivities have been

derived from some of the specific capacity tests in the basin and the calibrated hydraulic conductivity of

the upper Bouse Formation derived from the pumping test conducted at the site was approximately 3 to

6 feet/day. The effect of uncertainty in potential hydraulic conductivities is evaluated in the uncertainty

analysis presented in Section 4.3.6.2.
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Table 3-9: Aquifer Parameters

Geologic
Unit

Well
ID

Well
Depth

(feet bgs)

Specific
Capacity
(gpm/ft)

Transmissivity
(gpd/ft)

Hydraulic
Conductivity

(ft/day) Storativity Basis

OW-2 -- 224,400 100 0.05
Aquifer test near Desert
Center (GEI, 2009)

Alluvium
(Western

Basin) CW-1
to

CW-4
-- 56,000 50 0.05

Aquifer test of Eagle
Mountain Iron Mine Wells
(GEI, 2009)

140,200 75 0.05

TW-1 550 21,542 3 to 16
Aquifer Test and Lab
Analysis for the Project

3 957 5 10,000 4 - - Specific Capacity Test

26 1,000 1.5 3,000 1 - - Specific Capacity Test

29 985 1.6 3,200 1 - - Specific Capacity Test

Bouse
Formation
(Eastern
Basin)

43 830 35.0 70,000 49 - - Specific Capacity Test

21,550 12 to 14 - -

33 1,200 14.8 29,600 8 - - Specific Capacity Test

34 1,200 26.7 53,400 14 - - Specific Capacity Test

35 1,200 51.6 103,200 28 - - Specific Capacity Test

36 1,200 15.6 31,200 8 - - Specific Capacity Test

37 1,050 12.9 25,806 11 0.0002
Aquifer test conducted at
State prisons

39 1,139 11.1 22,222 13 - - Specific Capacity Test

40 1,200 10.3 20,600 5 - - Specific Capacity Test

Bouse
Formation/

Fanglomerate
(Eastern
Basin)

42 1,100 19.7 39,444 15 - - Specific Capacity Test

40,684 13 0.0002

Fanglomerate 14 982 2.6 5,200 14 Specific Capacity Test

Notes:

Sources include Eagle Crest, 2009; GEI, 2009; WCC, 1986; DWR Well Completion Records, and Site
Specific Investigation (Appendix 2).

Transmissivity from Specific Capacity Tests calculation by multiplying value by 2,000. for confined
aquifers and by 1,500 for unconfined aquifers (Driscoll, 1986).
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3.7.9 Aquifer Testing Program

Between July 9 and 23, 2009 a pumping test was conducted at the Project site. The test consisted of

pumping TW-1 a constant discharge rate of approximately 87 gpm (+/- 5%) for seven days followed by

seven days of recovery. Groundwater was pumped using a temporary electrical submersible pump

installed in TW-1 at a depth of approximately 260 feet bgs and groundwater discharge was monitored

using a flow totalizer and flow meter. All water generated during the test was discharged to an on-site

above ground storage tank and was pumped from the tank to a spray field for disposal under an

approved discharge permit from the Regional Water Quality Control Board, Colorado River Basin

Region (RWQCB).

During the test, water levels in the pumped well (TW-1), shallow observation wells (OBS-1), and nested

observation points (OBS-2-270, OBS-2-315, OBS-2-370, and OBS-2-400) were monitored using

pressure transducers. Temporary, vented, digital, pressure transducers with internal data loggers were

installed in wells TW-1 and OBS-1 for the test. Dedicated, vibrating wire, pressure transducers with an

external data logger were used in nested well OBS-2. These transducers were buried in place at

specific intervals to monitor water level changes at multiple levels within the Bouse Formation aquifer.

The installation methods and well construction details for the TW-1, OBS-1, and OBS-2 are included in

Appendix 2. Following well recovery, the data from the transducer placed in the pumped well and the

shallow observation well were downloaded and reduced for analysis using the AQTESOLV software

program as described further in that appendix and in Appendix 6. Based on analysis of the pumping

test drawdown and recovery data and the results of laboratory analysis of a silty sand sample collected

form a depth of approximately 800 feet (Appendix 7), we estimated a preliminary range of average

hydraulic conductivity for the tested interval of 8 to 16 feet per day. Subsequently, the data from the

nested observation points were analyzed numerically using the approach discussed in Section 4.3.3,

yielding calibrated hydraulic conductivities ranging from 3 to 5 feet/day for the pumped interval.

Groundwater samples were collected from the pump discharge at the beginning, middle, and end of the

test ad analyzed for general mineral parameters, major cations and anions, trace metals, and gross

alpha radiation. The groundwater sample results are summarized in Table 3-7. Groundwater

parameters including electrical conductivity, pH, and TDS were also measured at regular intervals

during the test.
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4. COMPUTER MODELING IMPACT EVALUATION

4.1 Model Conceptualization

4.1.1 Conceptual Model

This section presents a summary of our working conceptual understanding of groundwater occurrence

and behavior in the Chuckwalla Valley Groundwater Basin. This understanding forms the basis of our

modeling approach for the project as discussed in the subsequent sections of this report.

Chuckwalla Valley Groundwater Basin is hydraulically bounded by non-water bearing rocks of the

surrounding mountain ranges and underlying bedrock formations. As shown in Figure 6, the basin is

bounded by the Orocopia Valley (Hayfield) Groundwater Basin to the southwest and the Pinto Valley

Groundwater basin to the northwest, both of which contribute groundwater to the basin by underflow.

In addition, water flows eastward out of the basin into the Palo Verde Mesa Groundwater Basin. The

Cadiz Valley Groundwater Basin and the Ward Valley Groundwater Basin bound the basin to the north

along tributary valleys; however, these basins may not be hydraulically connected to the Chuckwalla

Valley Groundwater Basin.

The principal water-bearing strata in the basin are Quaternary Alluvium, including alluvial fan, fluvial

and lacustrine facies; the Pliocene Bouse Formation, consisting of either lacustrine or estuarine facies;

and the Miocene Fanglomerate, consisting of cemented alluvial fan facies. The western or upper

portion of the basin is dominated by coarser grained alluvial deposits: whereas, the eastern portion of

the basin contains more fine grained, laterally continuous lacustrine or estuarine deposits (Eagle Crest,

2009). This fact significantly influences the behavior of groundwater in the two parts of the basin, the

response of aquifers to pumping, and the groundwater quality. Specifically, groundwater in the western

portion of Chuckwalla valley occurs under unconfined conditions in deep in deep, relatively permeable

alluvial deposits, with reported hydraulic conductivities in the range of approximately 50 to 100 feet/day

(Section 3.7.7). In contrast, groundwater production in the eastern portion of the Chuckwalla Valley

Groundwater Basin tends to be from moderately permeable, confined aquifers within the Bouse

Formation and Fanglomerate that have reported average hydraulic conductivities closer to 14 feet/day.

The results of site-specific investigation (Appendix 2), are consistent with the above understanding. In

general, the hydrostratigraphic sequence beneath the Project area is characterized by abundant fine

grained sediments separating sequences of moderate permeability and some high permeability

interbeds. Water-bearing sediments identified during site-specific investigation include an upper

alluvial aquifer of low to moderate permeability underlain by the Bouse Formation at a depth of

approximately 270 feet bgs. A relatively competent clay aquitard occurs at the top of the Bouse

Formation and separates an interval of about 250 feet of moderately permeable water-yielding
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sediments from the overlying alluvium. Additional moderately permeable sediments (with some coarse

grained interbeds) occur in the lower portion of the Bouse Formation and are presumed to occur in the

underlying Fanglomerate. These sediments are separated from the upper Bouse Formation by 200

feet or more of lower permeability clays. Geophysical surveys (Appendix 3) indicate that the properties

of the upper 2,000 feet of sediments are relatively consistent across a broad area at and near the

Project site.

Water-bearing sediments in the Chuckwalla Valley Groundwater Basin are over 2,000 feet thick in

some places, The underlying bedrock exhibits an uneven topography that is likely influenced by

faulting; however, faults are not known to extent upward into the basin fill materials and form a barrier

to groundwater flow (Stone, 2006; DWR, 2004). The basin boundaries and depth to bedrock contours

for the eastern portion of the Chuckwalla Valley Groundwater Basin are shown on Figure 4.

Regionally, groundwater in the basin flows to the south-southeast in the direction of the Palo Verde

Mesa Groundwater Basin and locally away from the mountain fronts and out of tributary valleys

towards the valley axis (Figure 10). The lateral hydraulic gradient is steeper in the western portion of

the basin and decreases in the eastern part of the basin. A vertical downward hydraulic gradient was

observed in the test well cluster installed at the Project site.

Water quality is generally best in the western portion of the basin; TDS and chloride concentrations

generally increase in the central and eastern portions of the basin and are highest in the vicinity of Ford

Dry Lake. Near Ford Dry Lake, TDS concentrations generally decrease vertically with depth and

laterally to the south. The pattern of TDS distribution suggests inflow of fresh water into the more

transmissive sediments in the upper portion of the basin, and enrichment in TDS as shallow

groundwater flows downgradient past Palen and Ford Dry Lakes, where evapotranspiration may be

occurring (at Palen Lake) and groundwater may come into contact with buried lacustrine/estuarine

deposits that contain soluble salts.

The basin water budget is discussed in detail in Section 3.7.4. The primary recharge mechanism in

the basin is mountain front recharge from precipitation that falls on the slopes of the mountains

surrounding the basin and to a lesser extent from precipitation or infrequent runoff on the valley floor.

Mountain front recharge occurs via deep percolation through the coarser grained proximal alluvial fan

deposits that occur near the mountain fronts. Finer grained materials that form aquitards are generally

associated with distal fan, lacustrine, and playa depositional facies that occur farther form the mountain

fronts. Because aquitards are expected to be absent along the mountain fronts, vertical gradients are

expected to drive recharge to both shallow and deeper water bearing units in the basin. Additional

recharge is derived from infiltration of treated effluent at the prison complex in the eastern portion of the

basin and Desert Center (and Lake Tamarisk) in the western portion of the basin, as well as from

agricultural return flow, which occurs primarily in the western part of the basin and to a lesser extent

near the prison complex. Groundwater levels in the basin do not appear to respond significantly to

climatic trends, and this is likely due to the fact that recharge takes a number of years to migrate from
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the mountain front into the basin, and because pumping pressure in the basin does not increase during

dry periods.

Pumpage for the basin includes groundwater extraction for agricultural irrigation, aquaculture, the state

prisons, the Tamarisk Lake development, and domestic use. The majority of the pumping in the area

occurs in the western portion of the basin in the area around Desert Center, where alluvial sediments

are more permeable and groundwater is generally of better quality than in the eastern part of the basin.

Discharge also occurs by outflow to the Palo Verde Mesa Groundwater Basin to the east, and possibly

via evapotranspiration from Palen Lake.

Groundwater pumping in the basin peaked between approximately 1980 to 1986, due to agricultural

ventures to grow jojoba and asparagus in the Desert Center area (Section 3.7.4.2). Pumpage was

concentrated in the western portion of the basin in the area around Desert Center and exceeded

20,000 AFY in this area. As a result, groundwater levels in the Desert Center area fell by as much as

130 feet in one observation well (Figure 12). After the failure of most of these agricultural ventures

and the curtailment of agricultural pumping in 1986, groundwater levels recovered within a few years.

During this time, hydrograph data from the eastern Chuckwalla Valley Groundwater Basin suggest that

water levels in this area were not affected by pumping in the western portion of the basin (Section

3.7.3); however, hydrographs for observation wells in the eastern portion of the basin display the affect

of more local pumping for the state prison complex and possibly for local agricultural production. Long

term water level trends in the observation well with the longest record near the state prisons are

currently stable. This suggests that pumping in the basin has resulted in cones of depression of limited

lateral extent, and that pumping in the Desert Center area primarily produces drawdown in the more

permeable alluvial sediments in that area.

Available groundwater level data suggest that groundwater levels beneath the northwestern part of

Palen Lake could be close enough to the ground surface for that area to behave as a wet or

discharging playa; however, groundwater levels beneath the southeastern portion of the Palen Lake

are 20 to 30 feet bgs, which is too deep for groundwater discharge (Section 3.5). McCoy Spring is

located at the outlet of a bedrock canyon near the toe of the western slope of the McCoy Mountains.

Based on its topographic elevation relative to the basin and the close proximity of bedrock outcrops the

represents baseflow discharge from the McCoy Mountains that is not directly hydraulically connected to

the basin fill aquifers. Chuckwalla Spring is located about 15 miles south of the Project site and is

actually situated a short distance within the Chuckwalla Mountains, and outside the basin fill

sediments.

4.1.2 Computer Modeling Approach

Project water supply impacts would be considered significant if the project resulted in: substantial

depletion of groundwater resources and interference with local wells; substantial interference with

groundwater recharge; or depletion of surface water resources that results in a substantial adverse
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affect to special status biological resources. The objectives of the groundwater modeling task of this

groundwater resources investigation are to evaluate the following specific potential impacts to

groundwater resources resulting from the proposed solar power plant:

 To assess the extent of pumping-induced drawdown and its potential impact on the

groundwater basin and existing wells in the site vicinity;

 To assess changes in the water budget of the Chuckwalla Valley Groundwater Basin,

particularly changes in the amount of underflow from the Chuckwalla Valley Groundwater

Basin to the Palo Verde Mesa Groundwater Basin;

 To evaluate potential impacts to surface water resources such as wet playas and surface

water springs; and

 To assess potential solute transport that could be induced by the project, particularly

vertical migration of saline groundwater, and/or lateral migration of saline groundwater

from beneath Ford Dry Lake.

To meet these objectives, the following steps were undertaken.

 Development of a conceptual model to form the basis for our modeling approach as

discussed in Section 4.1.1.

 Construction of an analytical drawdown model following a simplified modeling approach to

conduct a worst-impact analysis and develop a better understanding of basin dynamics.

 Construction of a numerical model in Groundwater Vistas®, including the appropriate

boundary locations, boundary conditions, lithologic layers and aquifer parameters.

 Calibration of the numerical model with the transient aquifer pumping tests at the Project

site and validation by simulating the pumping test at Chuckwalla Valley State Prison.

Numerical evaluation of the on-site pumping test using the model.

 Addition of a solute transport component to the numerical groundwater model using the

code MT3D.

 Performance of a model sensitivity analysis to evaluate the relative sensitivity of several

key model inputs and evaluate the affect of potential uncertainty in parameter selection.

 Predictive simulations to assess the impacts of pumping on water levels, the basin water

budget and solute transport.
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The analytical modeling methods and results were discussed in detail in the AFC submitted for the

Project. The analytical model was constructed using the modeling code THWells (Van der Heijde,

1996), which uses the Theis non-equilibrium equation for simulating drawdown from a pumping well

(Driscoll, 1986). The approach incorporated a number of simplifying and conservative assumptions that

tend to result in an over-prediction of drawdown. The analytical model was therefore used to constrain

potential worst case groundwater impacts resulting from the Project and develop data that could be

used to help inform the numerical modeling approach. To aid in the interpretation of the model outputs,

a correction factor was derived predicted vs. observed drawdown data for pumping at the nearby

prison complex. Predicted drawdowns in the vicinity after 33 years of Project pumping were relatively

modest and ranged from 3.8 feet at the closes site boundary to 1.7 feet at a distance of approximately

12 miles. These predictions applied to the pumped interval, which is separated from the overlying

water table by several hundred feet of clay; therefore, drawdown at the water table was not expected to

be significant.

The numerical groundwater model was created using Groundwater Vistas® software utilizing

MODFLOW to evaluate the impacts of pumping at the Project site. Only limited historical water level

data are available for Chuckwalla Groundwater Basin to perform history matching and calibration of a

model that simulates actual water level elevations (a “head model”). In addition, DWR characterizes

the water budget information for the basin as being “Type C” (DWR, 2004), meaning little data is

available. Therefore, construction of a head model was not deemed to provide additional certainty in

the predicted impacts, and the numerical model was constructed as a “superposition model,” also

referred to as an “impact only” or “drawdown model.” A superposition model is designed to evaluate

only the changes in stress and responses of an aquifer system. As a result, it is not necessary to know

the absolute value of the water level head, to quantify regional flows, or to quantify baseline water

budget inflows and outflows. The underlying assumption is that the response of the system is only due

to the stress imposed and not the other processes in the system (Reilly and Harbaugh, 2004), which is

suitable for simulating the impact resulting from a particular stress, in this case Project pumping.

Model outputs include the amount of drawdown in the modeled layers and changes in flows across the

model boundaries.

Impact modeling is a robust numerical modeling approach that allows the modeler to incorporate

boundary conditions, variable aquifer parameters, and diverse geological layers. The use of impact

modeling in hydrogeologic literature is well established and this approach has been widely used to

evaluate the impacts of water supply pumping. Its use for impact evaluation at the Project site is

appropriate and well suited to meeting the identified modeling objectives as discussed further below.

 An impact model evaluates the magnitude of drawdown impacts based on a flat water

table datum. This approach assesses changes in groundwater head or elevation, rather

than actual head values, and is capable of accurately predicting drawdown impacts

associated with the Project.
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 As utilized, the impact model does not take recharge into account, and therefore results in

a conservative assessment of pumping impacts. Since impact predictions are

conservative and not dependant on quantification of recharge, uncertainty regarding the

adequacy of impact determinations is decreased.

 Changes in groundwater flow into and out of the model domain across “general head”

boundaries as a result of the Project pumping are quantified. By placing these boundaries

at strategic locations, the model can be used to quantify changes in discharge to the Palo

Verde Mesa Groundwater Basin, or increased groundwater inflow from adjacent parts of

the Chuckwalla Valley Groundwater Basin.

 The impact model predicts drawdown in each modeled layer, including at the water table.

The potential impact to surface water resources that are hydraulically connected to the

modeled aquifer system can therefore be evaluated. This potentially includes Palen Lake.

As described above, the seeps and springs surrounding the basin are not considered part

of the basin groundwater flow system (Section 3.5 and 4.1.1).

 Water quality modeling using MT3D considers conservative constituents, which includes all

of the solutes present in the area as they are not expected to degrade or react during

transport.

The numerical model boundaries are shown on Figure 20 and were selected based on the following

considerations. The general region included in the model encompasses the area considered

potentially subject to Project-induced drawdown based on our knowledge of the basin’s hydrogeology

and the results of the analytical modeling conducted for the AFC and described earlier in this section.

In addition, the model boundaries were extended to include or extend to potentially sensitive resources

such as Palen Lake, McCoy Spring, and the ironwood woodland located north of the Project site.

The specific locations of the general head boundaries were selected as follows. The eastern boundary

was set at the boundary between the Chuckwalla Valley Groundwater Basin and the Palo Verde Mesa

Groundwater Basin to assess potential changes in groundwater outflow as a result of the project. The

boundary to the north allows assessment of changes in inflow (increased demand) from the tributary

valley north of the Project site. The boundary to the west allows assessment of changes in inflow

(increased demand) from the western portion of the Chuckwalla Valley Groundwater Basin. This

approach allows assessment of project drawdown impacts, drawdown impacts in sensitive areas,

changes in discharge to the adjacent basin, and changes to the water budget of the tributary valley to

the north as well as the western portion of the basin. Extending the model to encompass the portions

of the basin located further to the north and west would require incorporation of areas with different

hydrogeologic characteristics, which is not necessary for evaluation of Project or cumulative impacts.
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4.2 Modeling Software Selection

4.2.1 Numerical Model

The numerical model described below was created for the Project using Groundwater Vistas, a

modeling environment that couples a model design system with comprehensive graphical analysis

tools (Environmental Simulations, Inc., 2007). Within the Groundwater Vistas environment a three

dimensional groundwater flow model was created using MODFLOW.

MODFLOW, created by McDonald and Harbaugh (1984)for the United States Geological Society, is a

block centered Finite difference code groundwater flow model. The versatile code views a three-

dimensional system as a sequence of layers of porous material capable of simulating confined, leaky

confined, unconfined and water table aquifers. The model is set up as a series of modules where a

user can incorporate all attributes of a particular natural system independently, such as

evapotranspiration, gaining and losing riverbeds, and recharge. There are many different methods of

solution available.

MODFLOW is incapable of simulating multiphase flow, flow in the unsaturated zone, flow in fractured

media, and density dependent flow, or an aquifer with varying anisotropy conditions.

4.2.2 Solute Transport Model

To model the migration of solutes at the Project site as a result of pumping, the numerical solute

transport model MT3D was used. MT3D is a 3-dimensional solute transport code created by Zheng in

1990 capable of simulating advection, retardation, dispersion and decay. MT3D works with MODFLOW

in a decoupled approach, solving the transport equation after the flow solution is first obtained (Zheng

and Bennett, 2002).

4.3 Numerical Modeling

4.3.1 Approach

Numerical groundwater modeling to assess the potential impacts of using groundwater as a water

supply for the project was conducted in general conformance with the letter entitled Approach to

Groundwater Modeling for Genesis Solar Power Project, Chuckwalla Valley Groundwater Basin,

Riverside County, California, dated July 2, 2009. This letter was provided to CEC and discussed with

CEC staff during a meeting on July 22, 2009, during which CEC staff concurred with the proposed

approach. In addition, model sensitivity analysis was conducted in accordance with the Groundwater

Model Sensitivity Analysis for Genesis Solar Power Project, Riverside County, CA, dated December 9,

2009, and comments received from CEC on December 17, 2009.
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The development of the Project groundwater Model follows the general groundwater model

development steps laid out by Anderson and Woessner (2002):

 A conceptual model was developed as previously described

 The Groundwater Vistas modeling environment was chosen to build the model. The

MODFLOW and MT3D computer codes were chosen for the flow model and transport

modeling respectively.

 The model grid, boundary and initial conditions were selected based on the conceptual

model findings.

 With a general lack of aquifer information available in the basin as a whole, the model was

calibrated using the drawdown data obtained during the Ford Dry Lake Test Well Project.

This was the most reliable and closest data to the actual proposed pumping location. A

numerical pump test analysis was completed in the model and used as calibration for the

model aquifer parameters.

 A sensitivity analysis was completed on each layer to determine the parameters most

sensitive to change during the analysis of the pumping test data. The sensitive

parameters, Kz, S, and Kx=y were then adjusted to gain the best fit and best aquifer

parameter values for the model. An additional sensitivity analysis was performed on the

final best fit values.

 A validation of the models horizontal anisotropy was completed by running the model with

data from the Prison well pumping test.

 The calibrated and verified model was the used to predict the drawdown at the end of

construction (3 years), after initial operation (5 years) and finally at the end of the project

(33 years).

 To analyze the effect of uncertainty in model inputs and increase confidence in the model

predictions, a sensitivity analysis was completed on the vertical hydraulic conductivity (Kz),

lateral hydraulic conductivity (Kx/Ky), general head boundary condition, and addition of

recharge to the model. This sensitivity analysis allowed us to analyze how a variation in

any parameter would affect the model results.

4.3.2 Discretization, Boundary and Initial Conditions

The Project numerical groundwater model grid, boundary and initial conditions were selected based on

the conceptual model development and to facilitate numerical analysis of the TW-1 pumping test

results. The model was set up with a variable- spaced, block- centered, finite- difference grid. The grid

has a 1 foot by 1 foot square cell spacing centered over TW-1, the pumping well of the test well

program pumping test. The grid cells increase outward by a factor of 1.5 until reaching and maintaining
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a maximum grid size of 1,000 by 1,000 feet. This cell spacing allows for greatest refinement during the

transient pump test analysis used for calibration of the model. The entire grid is 188 cells wide by 210

cells for a total of 513,240 cells in 13 layers. The model domain and discretization is shown on Figure

20.

The model is subdivided into thirteen horizontal layers (Figure 21). The model was broken into these

thirteen layers based on the elevations of transducers used during the pumping test and known levels

of stratigraphic changes. The top layer is the water table at an elevation datum of 0. All layers are flat

except for the bottom of the deepest layer, Layer 13, which represents the bedrock interface. This

layers elevation was based interpolation of geophysical survey measurements taken in the area.

No Flow Boundary conditions, where the flux across a boundary is equal to zero, were used at all

impermeable bedrock interfaces. A General Head Boundary condition was applied to all additional

model boundaries. A general head boundary is a generic form of the head dependant boundary

condition The General Head Boundary Package, implemented in MODFLOW, calculates flow through a

boundary as the product of the conductance of the boundary and the difference between the head at or

beyond the boundary and in the aquifer (Anderson, 2002).

Layers were assigned a value for initial conditions for hydraulic conductivity in the x, y, and z direction.

These initial conditions were estimated from the range of values found in the area. Layers were also

assigned an initial storage coefficient which represents the Specific Storage Ss of the model layer.

These initial values were estimated from reasonable accepted values from the literature and based on

the geology (Table 3-9).

Table 4-1: Numerical Model Inputs
Parameter Parameter

Value
Units Source

Well Screen Length 1,000 feet Well assumed to be screened in the Bouse
Formation from a depth of 800 to 1,800 feet bgs

Hydraulic
Conductivity

14 ft/day Average hydraulic conductivity for Bouse
Formation and Fanglomerate (Table 3-9)

Transmissivity 14,000 ft
2
/d Multiply K by aquifer thickness

Storativity 0.0002
1

NA WorleyParsons; Freeze and Cherry, 1979

Pumping Rate 1,000 gpm Average long-term pumping rate

Pumping Time 33 years The model encompasses the three-year
construction period and 30-year life of project

1. Storativity value from pumping test conducted at the Chuckwalla Valley State Prison (WCC, 1986).
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4.3.3 Calibration and Numerical Pumping Test Analysis

The model aquifer parameters were calibrated using a numerical pumping test analysis of the constant

discharge pump test completed at TW-1. Transient targets were set in the model at transducers in the

pumped well (TW-1), shallow observation well (OBS-1), and nested observation well (OBS-2-270,

OBS-2-315, OBS-2-370, and OBS-2-400). Prior to calibration, each layer with a target underwent an

automated sensitivity analysis to changes in aquifer properties. The sensitive parameters identified

during this process were horizontal conductivity Kx=y, vertical conductivity Kz and Storativity S. These

sensitive parameters were adjusted until the curves were within a reasonable range to best fit the

pumping test data. Curve matching data for the numerical pumping test analysis and model calibration

is included in Appendix 8. The final calibrated values are summarized below where K is hydraulic

conductivity in the x, y and z directions, S is the storage coefficient, Sy is the specific yield and n is the

porosity. The numerically calibrated values of hydraulic conductivity for the pumped interval of well

TW-1 (Layers 7, 8 and 9) are reasonably similar to the values derived from our initial pumping test

analysis (Section 3.7.9).

Table 4-2: Calibrated Model Conductivity Values

Kx (ft/d) Ky (ft/d) Kz (ft/d) Model layer(s)

30 30 30 1

30 30 30 2

0.0002 0.0002 5x10
-5

3

0.0002 0.0002 3.5x10
-4

4

0.1 0.1 0.001 5

0.2 0.2 3.5x10
-4

6

3 3 0.002 7

3 3 0.002 8

5 5 0.002 9

12 12 0.1 10

14 14 1 11

14 14 1 12

15 15 2 13
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Table 4-3: Calibrated Model Storage Parameters

S Sy n Model layer(s)

0.005 0.15 0.2 1

0.005 0.15 0.2 2

5x10
-7

0 0.2 3

5x10
-7

0 0.2 4

1.45x10
-5

0 0.2 5

9.5x10
-7

0 0.2 6

3x10
-6

0 0.2 7

2x10
-7

0 0.2 8

2x10
-5

0 0.2 9

5x10
-6

0 0.2 10

5x10
-5

0 0.2 11

5x10
-5

0 0.2 12

5x10
-5

0 0.2 13

4.3.3.1 Calibration Sensitivity Analysis

Following calibration, a sensitivity analysis was performed on the final calibrated values to illustrate the

sensitivity of the model calibration to several key aquifer properties. This analysis reconfirmed that

vertical and horizontal conductivity were sensitive parameters adjusted during calibration. In each

analysis the aquifer property was adjusted by an order of magnitude above (10x) and below (1/10x) the

calibrated model Kz value (x). The vertical hydraulic conductivity of the aquifer (Layers 1, 2, and 7-13)

and the aquitard (Layers 3-6) were analyzed separately and results are summarized in Tables 4-4 and

4-5. Horizontal conductivity is summarized in Table 4-6.
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Table 4-4: Sensitivity Analysis of Vertical Hydraulic Conductivity (Kz) in Aquifer
Layers 1, 2, and 7-13

Drawdown (ft) after at the end of the pumping period (7days)

Kz
(ft/d) OBS-1 TW-1

OBS-2
Layer 3

OBS-2
Layer 5

OBS-2
Layer 7

OBS-2
Layer 9

10x 1.67x10-5 14.47 0.41 1.38 10.25 9.88

x
1.48x10-5 14.91 0.41 1.39 11.07 10.31

1/10x 2.63x10-6 14.94 0.18 0.63 11.78 10.34

Table 4-5: Sensitivity Analysis of Vertical Hydraulic Conductivity (Kz) in Aquitard
Layers 3-6

Drawdown (ft) after at the end of the pumping period (7days)

Kz
(ft/d) OBS-1 TW-1

OBS-2
Layer 3

OBS-2
Layer 5

OBS-2
Layer 7

OBS-2
Layer 9

10x 5.33x10-4 14.89 1.11 3.30 10.25 10.29

x
1.48x10-5 14.91 0.41 1.39 11.07 10.31

1/10x 1.37x10-8 14.91 0.01 0.12 11.69 10.31
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Table 4-6: Sensitivity Analysis of Horizontal Hydraulic Conductivity (Kx=y) in Aquifer
Layers 1,2, and 7-13

Drawdown (ft) after at the end of the pumping period (7days)

Kx=y

(ft/d) OBS-1 TW-1
OBS-2
Layer 3

OBS-2
Layer 5

OBS-2
Layer 7

OBS-2
Layer 9

10x 1.92x10-6 1.80 0.07 0.22 1.42 1.34

x
1.48x10-5 14.91 0.41 1.39 11.07 10.31

1/10x 7.33x10-5 117.94 1.86 6.34 78.25 71.98

4.3.4 Validation by Simulation of Prison Pumping Test

Model validation was conducted by using the calibrated model to simulate a 3-day constant discharge

aquifer pumping test conducted at the state prison complex southeast of the Project site in July 1986

(WCC, 1986). The pumping test was simulated by applying the pumping rate at the location of Well 37

in model Layer 10, which is of similar depth and thickness as the screened interval of the irrigation well

pumped during the prison aquifer test. Observed and predicted drawdowns in the two closest

observation wells used during the test (Wells 38 and 39) were compared to determine whether the

model was able to predict the drawdown observed during the test. Use of these observation wells was

thought to be the most reliable indicator of goodness of fit due to potential well inefficiency in the

pumping well during the test. The results of the pumping test validation are included in Appendix 8,

and indicate that predicted drawdown data agree within approximately 15 percent for Observation Well

1 (Well 38) and approximately 25 percent for Observation Well 2 (Well 39). This is reasonably close

agreement, and validates the model’s ability to predict drawdown with a reasonable degree of

accuracy.

4.3.5 Predictive Simulations

Forward predictive modeling simulations were conducted to simulate pumping from the deep confined

aquifer proposed for the project water supply. This aquifer is separated from the water table by several

hundred feet of clay (Appendix 2). A theoretical production well was simulated on-site at the pumping

centroid and screened from 800-1,800 ft bgs. Pumping of the well was simulated at the proposed
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average long term pumping rate of 1,000 gpm. The model simulations were used to evaluate the

magnitude of the predicted drawdown and the impacts of long term pumping to the water budget at the

conclusion of construction (3 years), after 5 years (initial operation) and at the end of the Project life (33

years).

4.3.5.1. Predicted Drawdown

Predictive drawdowns at key locations after 3, 5 and 33 years of pumping are summarized below in

Table 4-7. Results of the predictive simulations after 33 years (the maximum predicted drawdown) are

presented graphically in Figure 23 and Figure 24, respectively, for the lower portion of the pumped

interval, where the maximum drawdown was observed (Layer 12) and the water table (model Layer 1).

The maximum drawdown is predicted in the lower portion of the confined aquifer pumping interval,

model Layer 12, and is greatest at the modeled production well. Minimal drawdown is predicted at the

water table. The predicted drawdown at McCoy Spring applies to the basin sediments downslope from

the spring.

Table 4-7: Drawdown Predicted by the Numerical Model

Drawdown (feet) Predicted by the Numerical Model

Years of
Pumping

Water
Table
Near

McCoy
Spring WP-4 WP-14

WP-22
Wiley’s

Well Rest
Stop

Production
Well

Pumping
Interval

Production
Well Water

Table

Water
Table at

Palen Lake

3 0 0.68 0.35 0.13 8.12 0 0

5 0 0.97 0.57 0.28 8.52 0 0

33 0.06 2.53 2.02 1.37 10.22 0.08 0.01

A complete listing of predicted interference drawdown at all active or potentially usable wells identified

within the model boundary is presented as Table 4-8. Note that these wells and their associated

screen intervals were incorporated into the model, and the predicted drawdown for each well consists

of the drawdown at the well location in the model layer(s) in which that well is screened, and may not

correspond to the maximum drawdown at that location, which could occur in a different layer above or

below the well’s screened interval. The predicted drawdown in these wells after 33 years of pumping

ranges from 0.01 to 2.53 feet.
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Table 4-8: Predicted Drawdown at Nearby Wells

Drawdown (ft)

Well ID
Model
Layer 3 years 5 years 33 years

2 1 0 0 0.04

3 11 0.06 0.17 1.45

4 11 0.68 0.97 2.53

5 1 0 0 0.05

13 10 0.34 0.56 2.00

14 11 0.35 0.57 2.02

18 9 0.31 0.51 1.80

19 3 0.07 0.13 0.48

22 11 0.13 0.28 1.37

24 9 0.11 0.25 1.22

25 4 0.06 0.14 0.73

26 11 0.05 0.14 1.38

29 11 0.06 0.15 1.40

33 11 0.04 0.13 1.10

34 11 0.04 0.13 1.08

35 11 0.04 0.13 1.04

36 11 0.05 0.14 1.09

37 11 0.06 0.15 1.13

38 11 0.06 0.15 1.13

39 11 0.05 0.15 1.15

40 11 0.05 0.15 1.16

42 11 0.03 0.11 1.02

43 1 0 0 0.02

44 11 0.02 0.07 0.88

47 1 0 0 0.01

4.3.5.2. Predicted Changes in Model Underflow

Pumping for the Project is predicted to result in a relatively slight increase in the flow of groundwater

into the model domain across the General Head Boundaries (GHBs) from the western portion of the

Chuckwalla Valley Groundwater Basin (Reach #1) and the tributary valley to the north of the site

(Reach #2). Pumping will also result in a relatively small decrease the amount of water that

discharges to the Palo Verde Mesa Groundwater Basin to the East (Reach #3) (see Table 4-11).
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Table 4-9: Predicted Changes in Underflow

GHB Reach
3 Years

(GPM/ AFY)
5 Years

(GPM/ AFY)
33 Years

(GPM/ AFY)

Reach #1 +0.2/ + 0.3 +2/ +4 +124/+200

Reach #2 +18/ +29 +45/ + 72 +168/ +271

Reach #3 -6/ -10 -22/ -36 -198/ -319

4.3.6 Prediction Sensitivity Analysis

4.3.6.1. Vertical Hydraulic Conductivity

The vertical hydraulic conductivity, Kz, was adjusted in the both the Aquifer Layers (1, 2 and 7-13) and

Aquitard layers (3-6) separately during predictive model runs to evaluate the sensitivity of variation or

uncertainty in this parameter on modeled drawdown results. During this analysis, Kz was increased

(10x) and decreased (1/10x) by an order of magnitude from the calibrated value (x). The aquitard

layers (3-6) act as a confining layer between the water table aquifer in the Quaternary Alluvium and

lower confined aquifer in the Bouse Formation. The competence of this aquitard is the controlling

factor in the attenuation of drawdown between the pumped interval and the water table, and in

impeding the potential vertical migration of high TDS water downward form the Quaternary Alluvium

into the Bouse Formation. The purpose of this sensitivity analysis was to evaluate whether increasing

the Kz value would allow enough additional leakance to cause substantial drawdown at the water table.

Since the Kz values derived for the aquitard from the numerical pumping test solution are relatively low,

this was intended to simulate the potential effect if the permeability of the aquitard has been

overestimated in the model. In addition, although the pumping test from which the Kz values were

derived was extended for seven days to allow better assessment of vertical leakance, it is possible that

the aquitard may be more heterogeneous across the model domain than was modeled, and increasing

Kz is an indirect way of modeling potential heterogeneity. Results of the sensitivity analyses are

displayed in the table below. A small increase in drawdown at the water table and in nearby wells was

predicted after 33 years when the model was run with increased Kz in the aquifer and aquitard layers;

however, this increase is not significant.
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Table 4-10: Sensitivity Analysis of Vertical Hydraulic Conductivity (Kz) in Aquifer
Layers 1,2, and 7-13

Drawdown (ft) after 33 Years of Pumping

Kz
(ft/d)

Water
Table
near

McCoy
Spring WP-4 WP-14

WP-22
Wiley’s

Well Rest
Stop

Production
Well

Pumping
Interval

Production
Well Water

Table

Water Table
at Palen

Lake

10x 0.07 2.42 1.91 1.29 9.10 0.12 0.01

x
0.06 2.53 2.02 1.37 10.22 0.08 0.01

1/10x 0.01 2.95 2.36 1.61 11.69 0.01 0

Table 4-11: Sensitivity Analysis of Vertical Hydraulic Conductivity (Kz) in Aquitard
(Layers 3-6)

Drawdown (ft) after 33 Years of Pumping

Kz
(ft/d)

Water
Table
near

McCoy
Spring WP-4 WP-14

WP-22
Wiley’s

Well Rest
Stop

Production
Well

Pumping
Interval

Production
Well Water

Table

Water Table
at Palen

Lake

10x 0.15 2.11 1.61 1.08 9.78 0.24 0.03

x
0.06 2.53 2.02 1.37 10.22 0.08 0.01

1/10x 0.01 2.77 2.24 1.53 10.46 0 0.01

4.3.6.2. Horizontal Hydraulic Conductivity

A sensitivity analysis was performed on the horizontal conductivity value of the aquifer layers. The

aquifer includes Layers 1, 2, and 7-13. All of the aquifer layers were simultaneously adjusted during the
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sensitivity analysis. During the sensitivity analysis, the horizontal hydraulic conductivity was multiplied

by an order of magnitude 10x and decreased by an order of magnitude (1/10x) from the calibrated

values (x). The magnitude of variation was originally proposed to be 25% and 150% of the calibrated

value (3.5 and 21 feet/day), which in our opinion represents a meaningful range to evaluate the effects

of uncertainty and heterogeneity in this parameter; however the range of values were changed in

response to comments received from CEC. Thus, while the results of the analysis illustrate the level of

sensitivity of this parameter on drawdown outputs, they cannot be said to represent a realistic range of

upper and lower bound uncertainty because the lower hydraulic conductivity value applied (1.4

feet/day) is clearly unrealistic based on available data for the basin summarized in Section 3.7.7. An

additional sensitivity analysis was therefore conducted at a value of 0.36 times the calibrated value.

As expected, decreasing the horizontal hydraulic conductivity resulted in an increase in drawdown in

off-site locations which was greatest when the lowest hydraulic conductivity value was used. The

range of outputs provides perspective on the sensitivity of this parameter. When 0.36 of the calibrated

value was used, drawdown after 33 years of pumping in the nearby wells increased by approximately

40 to 60 percent, reaching a value of 4.11 feet in the closest well (WP-4). The water table experienced

additional drawdown in the direct vicinity of the pumping well (0.19 ft) but showed no change in the

outlying areas. The maximum change in drawdown was observed at the production well pumping

interval, where drawdown was approximately doubled.

Table 4-12: Sensitivity Analysis of Horizontal (Kx=Ky) Hydraulic Conductivity in
Layers 1,2, and 7-13

Drawdown (ft) after 33 Years of Pumping

Kx=y

(ft/d)

Water
Table near

McCoy
Spring WP-4 WP-14

WP-22
Wiley’s

Well Rest
Stop

Production
Well

Pumping
Interval

Production
Well Water

Table

Water
Table at

Palen Lake

10x 0.02 0.62 0.57 0.48 1.48 0.02 0.01

x
0.06 2.53 2.02 1.37 10.22 0.08 0.01

1/10x 0.02 6.37 3.22 1.24 70.6 0.62 0

0.36x 0.06 4.11 2.82 1.76 24.1 0.19 0.01
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4.3.6.3. General Head Boundary Conditions

A General Head Boundary (GHB) condition defines head dependent flow between the edge of the

model and a set distance outside the model boundary, limited by a conductance term that is a function

of the area/cross sectional area of the grid cells, the hydraulic conductivity of the aquifer material, and

the distance to the assigned general head, and the assigned head at the boundary which in this case

was zero. This in essence allows the flow field outside the model boundary to be influenced by

pumping within the boundary, and allows the model domain to be extended without physically

increasing the size of the model. Flow across the GHB may in reality be affected by no flow

boundaries, flow impedance, groundwater discharge (e.g., pumping) or recharge outside the model

boundaries. The distance to the GHB head may be set to partially simulate these influences. For the

model constructed for this evaluation, the distance to the GHB head was assigned a value of 5,000 feet

as an initial condition to simulate the presence of a potential flow impedance beyond the model

boundaries. To test the sensitivity of the GHB condition, the conductance of the boundary was altered

by an order of magnitude increase and an order of magnitude decrease. Decreasing the conductance

to the GHB head is the equivalent of imposing flow impedances or groundwater pumping beyond the

model boundaries.

Three GHBs are defined for the model. Reach #1 encompasses groundwater inflow from the Western

portion of the Chuckwalla Valley Groundwater Basin. Reach #2 transmits groundwater inflow from the

tributary valley to the North. Reach #3 transmits groundwater outflow from the Chuckwalla Valley

Groundwater Basin to the Palo Verde Mesa Groundwater Basin. As shown in Table 4-13, flow across

all three GHBs increased by less than 10 percent when the conductance is increased. Decreasing the

conductance decreases flow at the boundary by 25-35%. This suggests that the GHBs defined in the

model represent a somewhat conservative measure of changes in groundwater flow imposed by

project pumping. The drawdown results summarized in Table 4-14 indicate that altering the GHB

conductance has a minimal effect, increase and decrease, on drawdown in the model domain.

Table 4-13: Sensitivity Analysis of GHB Distance – GHB Flow

GHB Flow after 33 Years of Pumping
GHB

Conductance
Reach #1

(GPM/AFY) Reach #2 (GPM/AFY) Reach #3 (GPM/AFY)

10x 128/ 207 181/ 293 217/ 351

x 124/ 200 168/ 271 198/ 319

1/10x 91/ 147 116/ 188 123/ 199
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Table 4-14: Sensitivity Analysis of GHB Distance - Drawdown

Drawdown (ft) after 33 Years of Pumping

GHB
Conductance

Water
Table
Near

McCoy
Spring WP-4 WP-14

WP-22
Wiley’s

Well Rest
Stop

Production
Well

Pumping
Interval

Production
Well Water

Table

Water
Table at

Palen
Lake

10x 0.06 2.49 1.97 1.28 10.16 0.08 0.01

x
0.06 2.53 2.02 1.37 10.22 0.08 0.01

1/10x 0.06 2.69 2.17 1.66 10.44 0.09 0.01

4.4 Water Quality Impact Modeling

The impact upon water quality due to project pumping was completed by simulating transport of

chloride in groundwater using the MT3D transport model. Groundwater velocity data output from the

groundwater flow model impact assessment was utilized by the MT3D transport model for this

assessment. Chloride was selected as the preferred solute, as it is conservative (e.g. does not

undergo chemical reactions or attenuation, and so flows with the water) and is a dominant anion in

groundwater in the Project area for which significant baseline analytical data is available. In addition,

chloride can be directly related to TDS concentration with a reasonable degree of accuracy. Chloride

concentrations in groundwater in the eastern portion of the basin are approximately 38 percent of the

TDS concentration in groundwater.

Initial chloride concentrations were developed for each model layer using the regional groundwater

quality sampling data summarized in Table 3-6, and are consistent with the conceptual model of water

quality distribution described in Section 3.7.5. An effective porosity of 0.20 was assumed for all model

layers for purposes of groundwater velocity calculation. The water quality impact model was run for a

period of 33 years to simulate the expected duration of project operations and the modeled

concentrations of chloride in groundwater extracted from the well were recorded. Chloride in the model

will migrate with the groundwater that is being extracted, and increases in chloride concentrations imply

vertical or lateral migration of high chloride, and hence high TDS groundwater into lower concentration

areas, thus potentially degrading water quality.
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Chloride concentrations in the extracted groundwater are graphed in Figure 22. During the 33-year

pumping simulation, chloride concentrations are projected to decrease slightly, from a baseline

concentration of approximately 1,600 mg/L to approximately 1,470 mg/L at the end of the simulation.

This is a decrease of approximately 8 percent and is likely due to the dilution of groundwater in the

project area by lower TDS groundwater drawn in from the north and east of the Project site. Note that

since the results of the modeling are based on the calibrated groundwater flow model and currently

available regional baseline data, and that results may change if new baseline data become available;

however, this is not expected to significantly change the predicted results.
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5. CONCLUSIONS

5.1 Extent and Distribution of Drawdown Affects

The Project proposes to use groundwater pumped from production wells completed at the site and

screened in the Bouse Formation between approximately 800 and 1,800 feet bgs or deeper.

Numerical modeling indicates that a cone of depression will form around the pumping wells as

groundwater is removed from storage. The maximum predicted drawdown occurred in Layer 12, which

represents the lower portion of the pumped interval within the confined aquifer in the lower Bouse

Formation. The predicted drawdown in Layer 12 at the Production Well after 33 years was

approximately 10.2 feet. Five feet of drawdown in Layer 12 is predicted to be limited to within

approximately ¾ mile of the pumping centroid. Two feet of drawdown is predicted to extend

approximately 5.5 miles north of the Project site and 4 miles to the south. One foot of drawdown in

Layer 12 extends to 6.5 miles north of the Project site and south to the basin boundary (Figure 23)
1
.

Drawdown in model layers above the pumped interval is considerably less due to vertical impedance in

groundwater flow. At the water table (model Layer 1), the maximum drawdown above the pumping

well is approximately 0.1 foot, and 0.05 feet of drawdown extends to 6 miles north of the Project site

and 4 miles south (Figure 24). This is consistent with the presence of substantial clay strata within the

upper Bouse Formation and the overlying alluvium that affectively impede vertical groundwater flow

and serve to isolate the pumped interval from the overlying water table. Attenuation of drawdown in

deeper layers is less pronounced, but also expected. A sensitively analysis was conducted to assess

the potential effect of inaccuracy in our estimates of vertical hydraulic conductivity of the clay layers

and uncertainty regarding their lateral continuity. The sensitivity analysis indicates that predicted

drawdowns at the water table do not substantially differ within a reasonable range of vertical hydraulic

conductivity estimates.

5.2 Well Interference Impacts

Drawdown imposed by a well on another nearby pumping well can have adverse affects on the

performance of that well and is referred to as interference drawdown or well interference. Specific

potential adverse affects evaluated in this study include the following:

1
Note that drawdown contours presented in Figure 23 were changed slightly from those presented in

the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar

Power Project, dated December 31, 2009 due to a minor adjustment of the model. This adjustment

has not substantively changed our findings or conclusions.
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1. Interference drawdown can result in the water level of an aquifer being drawn down below

the screen of the well (i.e., the well goes dry);

2. Interference drawdown can result in the water level of an aquifer being drawn down to a

point where the affected well’s capacity to pump water is decreased and the well can no

longer produce the amount of water that is needed for a particular use, or the well is at risk

of becoming damaged and unusable over time due to exposure of the well’s screen above

the water table and resulting corrosion;

3. Interference drawdown can result in the water level in the affected well being drawn down

to near the intake of the well’s pump, requiring lowering of the pump intake in order for the

well to remain operational; and/or

4. Interference drawdown can cause a decrease in groundwater level in the affected well

such that the well and pump can continue to operate and produce adequate amounts of

water, but pumping must occur at either greater frequency or duration, and/or water must

be lifted to a greater height, resulting in greater operational and maintenance costs.

The extent and type of well interference experienced by an affected well is dependant on

hydrogeologic conditions in the aquifer as well as the characteristics of the affected well. These

include the following:

 The amount of interference drawdown that is applied (which varies with the distance of the

impacted well from the Project well(s);

 The depth and screened interval of the affected well;

 The thickness of saturated sediments penetrated by the affected well;

 Local variations in the transmissivity of the saturated sediments in which the affected well

is completed, if any;

 The condition and efficiency of the affected well;

 The affected well’s pump specifications, including its rating curve, the depth at which the

pump intake is set, and the resulting pumping water level in the well during operation; and

 The minimum required water production rate of the well.

Given our understanding of the hydrogeology of the Quaternary Alluvium, the Bouse Formation and the

Fanglomerate, as well as our knowledge regarding existing wells that may be affected by Project-

induced drawdown, it is unlikely that groundwater pumping for the Project would cause any nearby

wells to go dry or be severely impaired or rendered unusable by declining groundwater levels. As

summarized in Table 3-8, the older, shallow wells completed in the eastern Chuckwalla Valley
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Groundwater Basin are generally abandoned, disused, or collapsed. Production wells in the area are

generally completed in the Bouse Formation or the Fanglomerate, several hundred feet below local

groundwater levels in order to target more productive aquifers with better water quality. Table 4-10

summarizes data regarding 26 potentially active wells located near the Project site. All of these wells

are predicted to experience drawdown from groundwater pumping for the development. The predicted

interference drawdown at these wells after 33 years ranges from 0.01 to 2.53 feet. The modest

amount of drawdown imposed on these wells by Project pumping will not cause them to go dry, be

impaired or rendered unusable by declining groundwater levels. It is also unlikely that the modest

drawdown imposed by the project would result in the need to lower pump intakes. In general, such

small variations in saturated thickness are not considered significant when assessing transmissivity

values from the interpretation of aquifer test drawdown data (Jacob, 1950), and by inference this can

be interpreted to mean they would not significantly affect well performance. However, lowering the

water table will cause an incremental increase in electrical costs to pump groundwater from a greater

depth and possibly maintenance costs over time or per unit of water pumped. Such impacts generally

are not considered significant when the amount of interference drawdown is small. For Blythe Energy

Project I and Blythe Energy Project II which are located about 25 miles east of the Project site, CEC

adopted a threshold of significance of 5 feet for all well interference impacts, including increased

electrical and maintenance costs (CEC, 2005). As discussed further below, we believe this threshold is

appropriate for the Project.

Interference drawdown changes the operational characteristics of the pump operating within an

existing water well. The additional interference drawdown effectively results in an increase in pump

head (the distance the pump must lift the water), which in turn decreases the pump discharge rate, and

changes the pump power requirements. The well will have to be pumped for a longer time each day as

a result. Thus, more power will be required to pump the same total volume of water. For perspective,

we have estimate the additional power needed to pump 100 acre-feet and 1,000 acre-feet with an

applied interference drawdown based on the following formula
2
:

2
This formula is derived from combining the following two formulas (CEC, 2005):

KW input = ([Pump brake horsepower] x 0.7457) / (motor efficiency)

Pump brake horsepower = ([gpm] x [feet of water] x [specific gravity]) / (3960 x [pump

efficiency])

Where:

specific gravity = 1;

typical motor efficiency = 85%; and

typical pump efficiency = 60%
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(gallons Pumped/year) x (feet of interference drawdown)
KWhr/year =

1,621,629

Based on these calculations, a well user that pumps 100 AFY might expect to use an additional 100

KWhr/year of electricity, and a well user that pumps 1,000 AFY might expect to use an additional 1,000

KWhr/year. At a rate of $0.16 per KWhr this amounts to an additional expense of just $16 and $160,

respectively. Although the actual change in electrical consumption may be more or less depending on

the characteristics of the affected well and pump, this comparison illustrates that drawdown impacts of

less than 5 feet would not be expected to result in significant increases in electrical costs.

Based on the information discussed above, since drawdown will be less than 5 feet at any well, well

interference impacts are judged to be less than significant.

5.3 Water Budget Changes

Project pumping will result in a change in outflow to the Palo Verde Mesa Groundwater Basin

calculated by the numerical model to be approximately 10 AFY at the end of the 3-year construction

period and increasing to 319 AFY at the end of the Project (33 years)
3
. Project-related drawdown is

not predicted to extend into Palo Verde Mesa Groundwater Basin and this relatively small decrease in

underflow is not expected to adversely impact the operation or usability of any water supply wells in

that basin, or result in a groundwater user having to secure alternative water sources or entitlements.

As such, Project impacts to the Palo Verde Mesa Groundwater Basin are judged to be less than

significant.

As a result of Project pumping, southward groundwater flow from the tributary valley north of the

Project site is predicted to increase by 29 AFY at the end of the 3-year construction period and

increasing to 271 AFY at the end of the Project (33 years). Project related drawdown will extend

somewhat into the tributary valley as shown on Figure 23 and Figure 24. It is anticipated that this

increased demand on the water budget of the tributary valley will be met by mountain front recharge

3
Note that estimates of underflow across the model general head boundaries of the numerical

groundwater model were changed slightly from those presented in the Technical Memorandum -

Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated

December 31, 2009 due to a minor adjustment of the model. This adjustment has not substantively

changed our findings or conclusions.
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from the surrounding mountains and that the increased inflow is within the perennial yield of this

tributary sub-basin.

Project pumping will result an increased inflow across the western model boundary of 0.3 AFY at the

end of the 3-year construction period and 200 AFY after 33 years. Project-related drawdown is not

predicted to extend significantly beyond this boundary or into the western Chuckwalla Valley

Groundwater Basin as shown on Figure 23 and Figure 24. The majority of the current and projected

future pumping groundwater demand in the basin is located in the western Chuckwalla Valley

Groundwater Basin, and the Project is projected to increase this demand by up to 200 AFY after 33

years of pumping. This represents an increase in the current groundwater demand on the western

Chuckwalla Valley Groundwater Basin of less than 2.6 percent (Section 3.7.4.3).

5.4 Water Quality Impacts

The interval proposed for groundwater pumping at the site is separated from overlying sediments that

contain higher TDS concentrations by over 200 feet of clay. Downward vertical gradients exist within

the basin, and modest increases in this gradient will result from pumping for the Project. Based on a

measured vertical gradient of 0.0275 foot/foot in the test well cluster installed at the Project site, Project

pumping will result in an approximately 28 to 35 percent increase in the vertical gradient in the upper

1,200 feet of sediments at the pumping well (the distance from the water table to the midpoint of the

screened interval of the proposed well. These are relatively small increases in vertical gradient and are

not reasonably anticipated to induce measurable TDS transport across this substantial aquitard.

In the eastern portion of the basin, water quality generally improves with depth and laterally to the

south, and east of the Project site (Figure 19). Conceptually, the area of highest ambient TDS

groundwater concentrations in the eastern portion of the basin appears to occur beneath the vicinity of

Ford Dry Lake. Available data supports this conceptual model, with lower TDS concentrations

generally occurring to the south of the dry lake bed and Interstate 10, and also eastward (Figure 19).

The Project site is likely on the northern edge of this area of elevated TDS groundwater, and

concentrations are also expected to decrease to the north. Thus, TDS concentrations generally

decrease laterally in all directions from the source of high TDS groundwater assumed to be beneath

the dry lake bed. The water quality in the basin has been established over geologic time; as such, the

existing distribution of TDS can be considered to have achieved an approximate steady state (i.e.,

under natural conditions, no significant changes in groundwater quality are expected over time). The

lateral gradients induced by Project pumping are expected to be approximately 1 foot per mile between

the Project site and Ford Dry Lake, which is approximately 20 to 25 percent of the ambient lateral

gradient in this part of the basin (Figure 24). Significant changes in lateral transport of high TDS

groundwater beneath Ford Dry Lake due to modest changes to natural gradients are not anticipated,

especially since the Project site is already situated within the boundaries of the area anticipated to

have the highest concentrations.
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In order to further evaluate the potential for Project pumping to degrade groundwater resources by

inducing migration of high TDS groundwater, solute transport modeling was undertaken as described in

Section 4.4. The results of the water quality impact modeling are illustrated in Figure 22. TDS

concentrations in the pumped well discharge are expected to decrease by approximately 8 percent as

evidenced by a moderate decrease in the predicted chloride concentration over time. The predicted

slight decrease in TDS concentrations is primarily the result of the dilution of relatively high TDS

groundwater near the site with lower TDS brackish groundwater migrating into the pumped well from

areas north and east of the project location. More importantly, the modeling illustrates that Project

pumping is not anticipated to induce vertical or lateral migration of high TDS groundwater.

Under State Water Resources Control Board (SWRCB) Resolution 88-63, the brackish water

underlying the Project site that exceeds TDS concentrations of 3,000 mg/L or 250 mg/L chloride would

not be considered a potential source of drinking water. In addition, water containing over 2,500 mg/L

TDS is generally considered unsuitable for agricultural use (DWR, 2003). Thus, the groundwater used

as a water supply for the project would be suitable only for potential industrial use. As such, the

predicted degree of transport will not result in violation of the Water Quality Objectives for the already

brackish groundwater underlying the Project site. We propose that an appropriate standard for

evaluating the significance of water quality impacts to brackish waters whose sole beneficial use is

industrial would be whether the project increases the concentrations of dissolved constituents to a point

where additional treatment would be required prior to use. Because that is not the case for the modest

water quality affects predicted for the project, water quality impacts are judged to be less than

significant.

5.5 Impacts to the Colorado River

Based on the results of the numerical drawdown impact modeling, groundwater pumping for the project

is not predicted to draw down static water levels below the most recently proposed Colorado River

Accounting Surface, which if adopted would have been established at 238 to 240 feet amsl in

Chuckwalla Valley Groundwater Basin (Wiele and others, 2008). Groundwater levels at the water

table are predicted to remain near their pre-Project levels of approximately 60 to 75 feet above the

Accounting Surface. As such, the Project will pump water that derived from tributary recharge and

underflow, resulting in a slight decrease of discharge via underflow to the Palo Verde Mesa

Groundwater Basin of approximately 12 AFY at the end of the 3-year construction period and

increasing to 329 AFY at the end of the Project (33 years). This small decrease in underflow does not

affect actual surface allotments of the Colorado River. Additionally, this small decrease in underflow

will not cause a lowering of the static water surface in any well below the Accounting Surface, even if

the Accounting Surface were adopted as part of the Law of the River.

An alternative to the Accounting Surface method for determining a project’s potential demand on

Colorado River water was developed by USGS in 2008 (Leake et al., 2008). This method involved
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using a numerical superposition model to evaluate the percentage of Colorado River water that a well

in tributary basins would pump after 100 years of operation. Based on this method, the percentage of

Colorado River water pumped at the Project site after 100 years of continual pumping would be less

than 1 percent. As such, the Project would not have an impact on flows in the Colorado River or

require a future entitlement to pump groundwater at the site.

5.6 Impacts to Springs, Seeps, Playas and Vegetation

Based on a comprehensive review of available records, the water Basin and surrounding mountains

are McCoy Spring, Chuckwalla Spring and Palen Lake (Section 3.5). Springs, seeps and playas may

be considered surface extensions of the local groundwater system; however, springs and seeps that

occur near the interface between bedrock mountains are often associated with base flow discharge or

perched aquifers that are part of a separate groundwater flow system that originates in the surrounding

mountains and do not have direct hydraulic connection to the adjacent basin aquifer system.

Considerable drawdown would have to occur in the adjacent alluvial basin to induce an observable

affect in an adjacent bedrock aquifer system.

McCoy Spring is located at an elevation of 889 feet amsl at the outlet of a bedrock canyon near the toe

of the western slope of the McCoy Mountains (Section 3.5). Based on the close proximity of bedrock

outcrops to the spring and seeps, the spring likely represents baseflow discharge from the McCoy

Mountains. As such, it does not appear to have a direct hydraulic connection to groundwater levels in

the Chuckwalla Valley Groundwater Basin, which occurs in the basin fill materials to the west of McCoy

Spring. In our opinion, a groundwater level drawdown of many feet would be required to cause a

change in the baseflow discharge from the McCoy Mountains.

With respect to impacts within the basin aquifer system near McCoy Spring, the drawdown at the water

table induced by pumping for the Project is predicted to be approximately 0.06 feet after 33 years. This

amount of drawdown is negligible compared to normal seasonal, temporal and even diurnal

groundwater fluctuations in the basin. Many feet of drawdown would be required in this aquifer to

present a credible mechanism for any measurable affect to baseflow in the adjacent mountains. For

this reason, impacts to McCoy Spring and any wildlife or vegetation dependant on the spring are

judged to be less than significant.

Chuckwalla Spring is located approximately 15 miles southwest of the Project site, within the

Chuckwalla Mountains and outside the basin and the area of predicted Project drawdown. It will not be

affected by Project pumping.

The predicted water table drawdown associated with Project pumping is 0.01 foot or less at Palen Lake

after 33 years of pumping. This amount of drawdown is negligible compared to the height of a phreatic

rise beneath a wet playa, which is typically at least several feet, and would not affect

evapotranspiration from the water table if it were occurring at Palen Dry Lake. There are no known
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wetland communities at Palen Lake; however, such a small drop in the water table would not have an

affect on such communities.

A stand of Mesquite trees has been identified to the northwest of the Palen Lake playa and BLM has

identified a significant ironwood woodland community approximately 5 miles north of the Project site.

In addition, Ironwood and Palo Verde trees are present locally in the eastern Chuckwalla Valley Basin,

especially where surface water flows are concentrated near washes or higher on alluvial fans.

Phreatophyte trees such as Mesquite, Ironwood or Palo Verde have deep root systems that can extend

tens of feet below the ground surface to the underlying water table. Lowering of the water table below

the root depth of these plants could potentially result in stress or death. At the water table (model

Layer 1), the maximum drawdown above the pumping well is approximately 0.1 foot, and 0.05 feet of

drawdown extends to 6 miles north of the Project site and 4 miles south (Figure 24). The predicted

water table drawdown at Palen Lake is less than 0.01 feet. Predicted water table drawdowns beneath

this woodland are in the range of 0.065 to less than 0.01 foot. Water table drawdowns of 0.1 feet or

less are similar to or less than expected normal climatic, seasonal or diurnal water table fluctuations

and would not be expected to adversely affect phreatophyte trees. Given the phreatic rise above the

water table would typically be expected to be on the order of a foot or several feet, and the fact that

water level drops will be gradual and not abrupt, the phreatophytes near the Project site could probably

sustain drawdowns many time times this amount. Thus, water table drawdowns associated with the

project are not expected to produce an adverse affect to this resource.

For perspective, we have reviewed historical aerial photography to help assess whether documented

historical water level declines in the 1980s have had an observable affect on Mesquite stands

northwest of Palen Lake. The results of this review are presented in Figure 28, which shows six aerial

photographs spanning from 1977 through 2002. The test plot outlined in the photographs shows a

remarkable continuity in the distribution of Mesquite trees throughout this time period, indicating that

there was not a die-off of Mesquite trees as a result of the documented water level declines during the

mid-1980s.

Based on the above information, Project pumping impacts to springs, seeps, playas and plant

communities are anticipated to be less than significant.

5.7 Impacts During Dry and Critically Dry Years

SB 610 makes changes to the Urban Water Management Planning Act to require additional information

in Urban Water Management Plans if groundwater is identified as a source available to the supplier.

The information required includes a copy of any groundwater management plan adopted by the

supplier, a copy of the adjudication order or decree for adjudicated basins, and if non-adjudicated,

whether the basin has been identified as being overdrafted or projected to be overdrafted in the most

current California Department of Water Resources (DWR) publication on that basin. If the basin is in

overdraft, that plan must include current efforts to eliminate any long-term overdraft. A key provision in
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SB 610 requires that any project subject to the California Environmental Quality Act supplied with water

from a public water system be provided a specified water supply assessment, except as specified in

the law. Included in the assessment is an evaluation of impacts resulting from use of groundwater in

dry and critically dry years (defined as three drought years in succession). Although not directly

applicable to this Project, evaluation of dry year response is helpful in describing potential project

impacts.

In terms of baseline water level trends, comparison of hydrographs for wells in the basin to precipitation

records does not indicate distinct trends indicative of climatic influence during dry or critically dry years.

This may be due to the fact that mountain front recharge requires time to migrate from the mountain

front to more distal portions of the basin where wells are located and precipitation events are generally

short-lived. Under such a scenario, recharge fluctuations would tend to be averaged over time. In

addition groundwater is the only source of water in the basin, so reliance on groundwater pumping is

not expected to increase during dry periods, and consequently there would not be an increase in

pumping-related drawdown during dry periods. Finally, potential project impacts were modeled without

considering the effect of recharge, which essentially is studying the effects of 33 years of consecutive

dry years. For these reasons, drawdown impacts during dry and critically dry years will be less than

significant.

The water budget for the Chuckwalla Valley Groundwater Basin is discussed in Section 3.7.4.3 and

Section 5.9.2. Dry and critically dry years will have short term impacts on the basin water budget;

however, as discussed above, these impacts are short term deficits that will tend to average out over

time. A water budget deficit for one or more years does not equate to an overdraft condition as long as

pumping remains below the long term average recharge rate (DWR 1998). Because changes in

groundwater storage may be correlated with changes in groundwater levels, the lack of correlation

between well hydrographs and precipitation trends in Figures 12, 13 and 14 supports the interpretation

that dry and critically dry years are not expected to adversely affect water levels in wells in the basin.

5.8 Subsidence

Ground subsidence can occur as a result of water level decline in aquifer systems. When the fluid

pressure in an aquifer is reduced as a result of changes in the groundwater level, a shift in the balance

of support for the overlying materials causes the “skeleton” of the aquifer system to deform slightly.

Reversible deformation occurs in all aquifer systems as a result of the cyclical rise and fall of

groundwater levels associated with short and longer term climatic cycles. Permanent ground

subsidence can occur when pore water pressures in the aquifer fall below their lowest historical point,

and the particles in the aquifer skeleton are permanently rearranged and compressed. Soils particularly

susceptible to such consolidation and subsidence include compressible clays in a confined aquifer

system. This type of deformation is most prevalent when confined alluvial aquifer systems are
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overdrafted, resulting in water level declines of tens or hundreds of feet and the amount of

unconsolidated, compressible soils is high.

Based on the general geology of the Chuckwalla Valley, the Riverside County General Plan, Safety

Element designates basin fill sediments in the valley as being potentially susceptible to subsidence

(Riverside County, 2008). However, subsidence has not been reported in the valley. As discussed in

Section 3.5.4.3, groundwater demand in the valley was at a maximum between 1980 and 1986, when

agricultural pumping was estimated to exceed 48,000 acre-feet per year and over 130 feet of

drawdown were observed in the western Chuckwalla Valley Groundwater Basin near Desert Center.

The cumulative water demand in the basin is expected to remain well below this historical maximum

(Table 3-4 and Table 5.2). As such, it is not likely water levels in the basin aquifers will drop below

their historical low levels. In addition, the clays encountered at depth during drilling of borings for the

test well program at the Project site were hard and consolidated. Based on this information,

engineering judgment, and the minimal drawdown over the life of the project compared to the historic

drawdown experienced in the basin, the Project will not cause significant subsidence associated with

the pumping of groundwater.

5.9 Cumulative Impacts

5.9.1 Scope of Analysis

A cumulative effect refers to a proposed project’s incremental effect together with other closely related

past, present, and reasonably foreseeable future projects whose impacts may compound or increase

the incremental effect of the proposed project (Public Resources Code § 21083; California Code of

Regulations, Title 14, § 15064(h), 15065I, 15130, and 15355). Cumulative impact analysis must be

conducted over appropriate time and geographic boundaries. Because they already exist, past and

present projects are inherently part of the environmental baseline. For the purposes of groundwater

resources, the cumulative impact analysis for this Project begins with present conditions, which reflect

the groundwater levels and trends described in Sections 3.7.2 and Section 3.7.3, and the

groundwater budget elements discussed in Section 3.7.4, including historical and existing groundwater

demand. Looking forward, the cumulative impact analysis for the project extends through Project

construction and the 30-year operating life of the solar power plant. Geographically, it is appropriate to

include in the cumulative impact analysis those projects that are likely to have an affect on water levels

or the water budget in the Chuckwalla Valley Groundwater Basin. This primarily includes projects

located in the basin, but could also include projects in adjacent basins if they have the potential to

effect conditions in the basin.

Cumulative projects considered in this analysis include planned and reasonably foreseeable future

projects located within the time and geographic boundaries described above. A preliminary list of

projects was provided by CEC (CEC, 2009), and additional projects were identified in a solar project list

available from BLM (BLM, 2009a) and the EIS prepared for the Eagle Crest Pumped Storage Project
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and updates to the EIS dated October 2009 (Eagle Crest, 2009; GEI, 2009). The CEC list included

several projects located in the Palo Verde Mesa Groundwater Basin. These projects were eliminated

from further consideration based on their hydrogeologic setting, because they are unlikely to affect

groundwater resources in the Chuckwalla Valley. The Eagle Mountain Landfill project, originally

proposed in the mountains northwest of Desert Center, was eliminated from consideration because a

recent Appeals Court decision eliminates a land swap that was considered a core component of that

project. Finally, the MWD’s Hayfield Aquifer Storage and Recovery project in the Orocopia (Hayfield)

Valley west of Desert Center was not considered because it would have no net long term effect on

groundwater conditions in the Chuckwalla Valley Groundwater Basin (Eagle Crest, 2009).

The remaining potential cumulative projects are listed in Table 5-1, and include several solar power

and transmission line projects, and the Eagle Crest Pumped Storage project. BLM is currently

processing 62 solar energy right-of-way applications in the California Desert District, covering a total of

577,000 acres. These applications cover a wide spectrum of project status and viability, and this is

also the case for solar right-of-way applications filed in Chuckwalla Valley. For inclusion in the

cumulative analysis, projects were considered planned or reasonably foreseeable if the environmental

review process under the California Environmental Quality Act (CEQA), National Environmental Policy

Act (NEPA) or Warren Alquist Act had begun or was imminent. The remaining projects were

considered to speculative to be considered in the cumulative analysis at this time. The rationale for the

inclusion of projects in the cumulative impact analysis and the groundwater demand associated with

the cumulative projects in summarized in Table 5-1.

Potential cumulative impacts evaluated in this analysis include impacts to the groundwater budget of

Chuckwalla Valley Groundwater Basin as well as drawdown and potentially associated adverse affects

to well owners, surface water resources, and biological resources. These potential impacts are

discussed in the following sections.

5.9.2 Groundwater Budget

The forecast groundwater budget for the Chuckwalla Valley Groundwater Basin is presented in Table

5-2. The baseline year for the water budget (2009) includes the inflow and outflow elements of the

water budget discussed in Section 3.7.4.3. Forecast groundwater demand associated with existing

groundwater uses, the Project and other planned or reasonably foreseeable projects in the basin are

summarized through 2043, which is the end of the Project’s 30-year operational life. The forecast water

budget also includes other reasonably foreseeable changes to groundwater budget inflows and

outflows. For each year, the total and cumulative water budgets are summarized. The water budget is

summarized separately for the western and eastern Chuckwalla Valley Groundwater Basin, as well as

for the entire basin. As discussed in greater detail in Section 3.7 hydrogeologic differences between

the western and the eastern portions of the basin include the fact that the groundwater producing

aquifers in the western portion of the basin are unconfined; whereas, the producing aquifers in the

eastern part of the basin are confined and separated from the water table by several hundred feet of
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clay aquitards. In addition, the aquifers in the western portion of the basin are composed of materials

with hydraulic conductivities that are approximately one half to one order of magnitude greater than

average hydraulic conductivities reported for the eastern part of the basin (50 to 150 feet/day vs. 14

feet/day). Current and future pumping is also expected to be several times greater in the western than

in the eastern portion of the basin. These differences indicate that the western portion of the basin

may be expected to respond differently than the eastern portion of the basin during pumping. Thus,

although they are part of the same groundwater basin, a more detailed analysis of these two portions

of the basin is warranted. For the purposes of this analysis, we have divided the basin along the lines

of the two sub-watersheds that drain internally to Palen and Ford Dry Lakes (the DWR’s Palen and

Ford Detailed Analysis Units, respectively).

The baseline groundwater budget includes a conservative estimate of agricultural pumping that is

maintained for forecast years to allow for the possible expansion of mature date palm and citrus

orchards east of Desert Center (Eagle Crest, 2009; GEI, 2009). Groundwater demand for the state

prison complex in the eastern portion of the basin is forecast to decrease based on planning

information from prison (Eagle Crest, 2009; GEI, 2009; Lanahan, 2009).

As a simplifying convention, baseline underflow between the western and eastern portions of the basin

is not accounted in the groundwater budget; however, modeled changes in underflow from the western

to the eastern portions of the basin that are induced by Project pumping are accounted for internally

and cancel each other out. Underflow from the Orocopia and Pinto Valley Groundwater Basins is

treated as inflow to the western portion of the Chuckwalla Valley Groundwater Basin, and underflow

from the Chuckwalla Valley Groundwater Basin into the Palo Verde Mesa Groundwater Basin is treated

as outflow from the western part of the basin. Treatment of underflow in this fashion means that the

western and eastern portions of the basin are not handled completely separately in terms of their water

budgets (i.e., baseline underflow from the western to the eastern portions of the basin are assumed to

cancel each other out and are not accounted); however, including changes in underflow allows the

affect of Project pumping on the water balance of the western part of the basin to be assessed.

As summarized in Table 5-2, the cumulative affect of the Project and other planned or reasonably

foreseeable projects on the groundwater budget is increased groundwater demand primarily in the

western Chuckwalla Valley Groundwater Basin. The proposed pumping for the Project represents an

approximately 6 to 17 percent increase over the current groundwater demand in the basin and an

approximately 6 to 14 percent increase of all future pumping in the basin. The existing groundwater

demand in the eastern portion of the basin is less, and the project would represent an approximately 31

to 82 percent increase over current and foreseeable future pumping in that part of the basin. This

would not result in a water budget deficit. Pumping for the project would result in an increased

additional outflow from the western portion of the basin of about 0 to 2.6 percent of total outflow during

the life of the Project.
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The cumulative groundwater demand from all current and future sources results in a net annual and

cumulative water budget deficit in the western portion of the basin while the eastern part of the basin

remains in balance. The basin as a whole also remains approximately in balance, with a relatively

small budget deficit shown for a 17-year period from 2016 to 2032. This small net deficit results

primarily from pumping in the western sub-basin to fill the reservoirs associated with the Eagle Crest

Pumped Storage project. For perspective, the calculated deficit is limited to less than half of the inflow

for the basin during a single year, and is within the range of anticipated year to year variation in

recharge from precipitation. A maximum net deficit of approximately 7,000 acre feet in the basin as a

whole would imply an average water level drop of less than 0.1 foot in the water producing aquifers

across the area of the basin. A net deficit of 63,000 acre feet in the groundwater budget for the

western part of the basin would imply an average water level decline of approximately 1.1 foot in that

part of the basin (given an area of 279,000 acres and an unconfined storage coefficient of 0.2).

Drawdown would be greater in the areas near the pumping centers and less in outlying areas.

The existence of drawdown or small imbalances in the basin water budget for a limited period of time

does not necessarily imply the existence of adverse affects, significant impacts or overdraft conditions.

The California DWR defines overdraft as the condition of a groundwater basin in which the amount of

water withdrawn by pumping exceeds the amount of water that recharges the basin over a period of

years during which the water supply conditions approximate average conditions (DWR, 2003).

Overdraft can be characterized by groundwater levels that decline over a period of years and never

fully recover, even in wet years. A basin is considered subject to critical conditions of overdraft when

continuation of present water management practices would probably result in significant adverse

overdraft-related environmental, social, or economic impacts (including increased extraction costs,

costs of well deepening or replacement, land subsidence, water quality degradation, and environmental

impacts). No time frame is specified in these definitions. Definition of the time frame is the

responsibility of the local water managers, as is the definition of significant adverse impacts, which

would be related to the local agency’s management objectives (DWR, 2003). We propose that the

projected water budget deficits would be considered significant if they produced basin-wide adverse

affects related to drawdown. The potential for such affects is further discussed in Section 5.9.3 below.

5.9.3 Regional Groundwater Levels

Drawdown from multiple sources is considered additive, that is, the drawdown at any particular point is

the sum of all drawdowns from surrounding pumping wells. The majority of the existing and future

cumulative projects in the Chuckwalla Valley Groundwater Basin are located in the western Chuckwalla

Valley, beyond the predicted drawdown cone resulting form the Project as shown on Figure 23 and

Figure 25 through Figure 27. In addition, historical hydrograph records suggest that extensive

pumping near Desert Center in the early to mid-1980s did not result in significant drawdown in the

eastern Chuckwalla Valley Groundwater Basin. As such, Project pumping is not anticipated contribute

significantly to an adverse cumulative affect to regional groundwater levels in the pumped aquifer.
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Also, in the eastern portion of the basin, the pumped aquifer is separated from the water table by

several hundred feet of clay. Similar conditions have been identified by USGS during the drilling of test

borings in Palen Lake (Simoni, 1981). As such, groundwater drawdown at the water table is expected

to be much less in these areas than in the underlying pumped aquifer. This attenuation effect is

illustrated for the Project by comparing the predicted drawdown in the pumped aquifer (Figure 23) to

the drawdown at the water table (Figure 24), which is expected to be very small.

To further assess potential cumulative impacts to the pumped aquifer, drawdown at the completion of

project construction and at the end of the 30-year operating life of the Project that is associated with

future pumping was graphically plotted on maps of the groundwater basin, and additive drawdown from

all planned and reasonably foreseeable projects was hand contoured where the areas of drawdown

influence from these projects overlapped. In addition, cumulative drawdown in the pumped aquifer

associated with all current and future pumping at the end of the 30-year Project operating life was

assessed in a similar fashion. The results of this analysis are presented in Figures 25, 26 and 27.

Drawdown in the pumped aquifer at the end of the construction is presented in Figure 25 and

incorporates the following data:

 Drawdown for the Eagle Crest Pumped Storage project was derived from the modeling

results presented in the Eagle Crest EIS October 2009 update (GEI, 2009) for the end of

the four-year reservoir filling period, which is projected to be completed in 2018.

Construction for the Genesis Solar Energy Project (and the other cumulative solar projects

in the basin) is projected to be completed in 2013, the year before pumping for

construction of the Eagle Crest project is scheduled to begin. Incorporating drawdown

associated with construction of the Eagle Crest project in this figure therefore significantly

overestimates drawdown that is expected in 2013, but is a reasonable approximation of

drawdown in 2018, at the end of the period with the highest projected groundwater

demand.

 Drawdown for the Palen Solar Power Project was derived from modeled drawdown

presented in the AFC for that project (AECOM, 2009). Drawdown during construction was

reportedly modeled using an extraction rate of 600 gpm, which is approximately twice the

construction water demand projected for the project. As such, the extent of drawdown

associated with this project may be overestimated. Drawdown predictions used in this

analysis were based on the lower of two modeled transmissivities and storage coefficients,

which appears reasonable for this portion of the basin.

 Drawdown predictions for the Chuckwalla Solar I and the First Solar Desert Sunlight

projects were developed using an analytical spreadsheet model based on a derivation of

the Theis equation. The model assumed a transmissivity of 6,300 square feet/day, a well

depth of 500 feet, a storage coefficient of 0.05 and the pumping rates presented in Table

5.1. This is similar to the assumptions used by AECOM for modeling the impacts



GROUNDWATER RESOURCES INVESTIGATION

GENESIS SOLAR ENERGY PROJECT, RIVERSIDE COUNTY, CALIFORNIA

Genesis GRI 08-Jan-10.doc 75

associated with the Palen Solar Power Project. For these projects, drawdown at the end of

the construction was predicted to be less than 1 foot at distances greater than 100 feet

from the pumping wells. The pumping well for the Chuckwalla Solar I project was assumed

to be located in the center of that site, and the pumping well for the First Solar Desert

Sunlight project was assumed to be located near the southeast corner of that site.

 Pumping associated with future transmission projects represents less than 0.05 percent of

cumulative construction pumping and was not considered in the cumulative drawdown

analysis.

Figure 25 shows that drawdown in the pumped aquifer exceeding 5 feet is predicted to extend across

a broad area in the eastern Chuckwalla Valley Groundwater basin, and drawdown is predicted to

exceed 10 feet within an area approximately 3.5 miles in diameter centered in the proposed Eagle

Crest well field north of Desert Center. The area of predicted drawdown exceeding 5 feet associated

with the Genesis Solar Energy Project is limited to the immediate proximity of the project pumping well.

Significant drawdown at the water table at Palen Lake or in the eastern part of the basin is not

anticipated. Drawdown data for the Project presented in Figures 23 and 24 indicates that the Project

will have no incremental contribution to drawdowns impacts associated with construction of the other

planned or reasonably foreseeable projects in the basin.

Drawdown in the pumped aquifer associated with planned and reasonably foreseeable projects at the

end of the 30-year operating life of the Project is presented in Figure 26 and incorporates the following

data:

 Drawdown for the Eagle Crest Pumped Storage project was derived from the modeling

results after 25 years of operation presented in the Eagle Crest EIS October 2009 update

(GEI, 2009). This coincides with drawdown in 2043, at the end of the operating life of the

proposed solar projects in the basin.

 Drawdown for the Palen Solar Power Project was derived from modeled drawdown

presented in the AFC for that project (AECOM, 2009). Drawdown predictions used in this

analysis were based on the lower of two modeled transmissivities and storage coefficients,

which appears reasonable for this portion of the basin.

 Drawdown predictions for the Chuckwalla Solar I project was developed using an analytical

spreadsheet model based on a derivation of the Theis equation. The model assumed a

transmissivity of 6,300 square feet/day, a well depth of 500 feet, a storage coefficient of

0.05 and the pumping rates presented in Table 5-2. This is similar to the assumptions

used by AECOM for modeling the impacts associated with the Palen Solar Power Project.

For this projects, drawdown at the end of operation was predicted to be less than 1 foot at

distances greater than 100 feet from the pumping well; however, a drawdown of 1 foot was
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assumed during contouring of cumulative drawdowns. The pumping well for the

Chuckwalla Solar I project was assumed to be located in the center of that site.

 Pumping associated with operation of the First Solar Desert Sunlight project is projected

to be very small; however, a drawdown of 1 foot was assumed for the area within about 1

mile of the assumed project well location in the southeast corner of the site for cumulative

analysis purposes.

 Pumping associated with the First Solar Desert Sunlight and future transmission projects

represents about 0.1 percent of cumulative pumping and was not considered in the

cumulative drawdown analysis.

Figure 26 shows that drawdown in the pumped aquifer exceeding 5 feet is predicted to extend across

an area in the eastern Chuckwalla Valley Groundwater basin centered in the proposed Eagle Crest

well field north of Desert Center. Small additional areas of drawdown exceeding 5 feet are predicted to

be located in the immediate vicinity of the Palen Solar Power Project and the Genesis Solar Energy

Project. Significant drawdown at the water table at Palen Lake or in the eastern part of the basin is not

anticipated. Drawdown data for the Project presented in Figures 23 and 24 indicates that the Project

will have no incremental contribution to drawdown impacts associated with operation of the other

planned or reasonably foreseeable projects in the basin.

Drawdown in the pumped aquifer associated with current planned and reasonably foreseeable projects

at the end of the 30-year operating life of the Project is presented in Figure 27. This figure incorporates

the data for the analysis described above
4
. In addition, this analysis incorporates drawdown

associated with existing groundwater pumping in the basin, and following additional data:

 Drawdown associated with existing pumping was derived from modeling conducted for the

Eagle Crest Pumped Storage project after a period of 50 years as presented in the Eagle

Crest EIS (GEI, 2009). The predicted drawdown associated with existing pumping thus

represents a time period 25 years beyond the time that is being simulated. As such the

modeled basin-wide drawdown is much greater than what would be expected at this time.

 Drawdown for the Chuckwalla Valley and Ironwood State Prisons is taken from observed

drawdown in wells in the area which indicates that drawdown exceeding 5 feet has

occurred to distances within approximately 1.5 miles of the prison wells. This represents

4
Note that the contours of cumulative drawdown in this figure were changed slightly from those

presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for

Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data

submitted by the Eagle Crest project and a minor adjustment of the model. This adjustment has not

substantively changed our findings or conclusions.
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cumulative drawdown associated with past operation of the prison wells. Drawdown at the

prisons appears to have stabilized, and groundwater extraction at the prisons is projected

to decrease, so additional drawdown beyond this amount is not anticipated. Therefore,

drawdown in this part of the eastern Chuckwalla Valley has largely occurred already, and

may increase slightly as a result of future pumping by other projects.

Because of the overly conservative nature of the drawdown assumptions incorporated into Figure 27, it

should not be considered to constitute a drawdown prediction, but applied as an a worst case analytical

tool to evaluate whether significant cumulative drawdown may reasonably be expected in the basin.

Figure 27 shows drawdown in the pumped aquifer exceeding 5 feet may extend across a broad area in

the western Chuckwalla Valley Groundwater basin and extending into the eastern part of the basin

near the Project site and the state prison complex. Small areas with drawdown exceeding 10 feet are

approximately centered within the proposed Eagle Crest well field north of Desert Center, at the Palen

Solar Power Project pumping well, and at the Genesis Solar Energy Project pumping well. Significant

drawdown at the water table at Palen Lake or in the eastern part of the basin is not anticipated.

Drawdown data for the Project presented in Figures 23 and 24 indicates that the Project will have no

incremental contribution to drawdown impacts in the western part of the basin, but will incrementally

contribute to drawdown in the eastern part of the basin.

The drawdowns shown in Figure 27 represent a worst case analysis of cumulative drawdown in the

basin. Importantly, drawdown of static water levels below the Colorado River Accounting Surface is

not anticipated, so no cumulative impacts to the Colorado River or triggering potential future

requirements for water entitlements are anticipated. In addition, significant drawdown of the water

table that would cause adverse impacts to biological or surface water resources near Palen Lake or in

the eastern part of the basin are not anticipated. The Project would not significantly contribute to

drawdown-related impacts in the western part of the basin.

Cumulative drawdown of 5 to 10 feet is not reasonably anticipated to cause any existing wells to go dry

or to render them unusable; however, such drawdown could cause an incremental increase in well

pumping and maintenance costs. The nature of these impacts is discussed in detail in Section 5.2,

and can be readily mitigated using the Well Interference Mitigation Program discussed in Section 6.2.
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6. MONITORING AND MITIGATION MEASURES

6.1 Groundwater Monitoring Program

The actual drawdown impacts from using groundwater to supply the proposed Project can be assessed

with the implementation of a properly designed monitoring program. Such a program will allow

documentation of the actual distance-drawdown relationship in the vicinity of the Project site,

drawdowns in nearby areas, local ambient groundwater level trends and the potential influence of

interference drawdown from other water users in the area and climatic influences. This information in

turn can be used to confirm modeled predictions and can form the basis for triggering mitigation to well

owners near the Project site that experience an unexpected drawdown of greater than 5 feet

Monitoring of water levels in the shallow and deep monitoring and test wells installed as part of the

Project, and in standby production wells, should form an adequate basis for monitoring Project impacts.

This includes the test well, transducers and water table observation well installed as part of the test

well program implemented on the western parcel of the proposed project right-of-way, the deep well

currently being installed in the off-site linear right-of-way near the Wiley’s Well exit from I-10, and the

monitoring wells required for the evaporation ponds and bioremediation treatment area proposed for

the Project. In addition, at least two standby production wells would be monitored. The program

should also be reviewed periodically and updated as needed to assess the drawdown impacts resulting

from the Project on an ongoing basis.

We recommend that water level measurements begin prior to commencing construction to further

refine baseline data. Wells will not be used for water production within one month of being measured .

The program will also record the rates and locations of groundwater production for the Project, and the

conductivity of the extracted raw water, on a monthly basis. Data from groundwater level monitoring

that is conducted by DWR, NWIS and as part of monitoring programs established for other projects in

the basin can also be used to assess the ongoing regional groundwater level trends.

6.2 Well Interference Mitigation Program

The amount of Project-related interference is anticipated to be less than significant at the known off-site

well locations (Section 5.2). Nevertheless, if the monitoring program outlined in Section 6.1 above

detects significant adverse affects, defined for the purposes of this section as interference drawdown

exceeding 5 feet, a Well Interference Program such as that adopted by CEC for Blythe Energy Project I

and Blythe Energy Project II (CEC, 2005) can be implemented. Note that the actual amount of

interference drawdown associated with the Project should be estimated from the proposed

groundwater level monitoring program and that these data be used in the proposed mitigation program

to distinguish the portion of impacts to nearby wells that is project related versus the portion that is
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attributable to interference drawdown from other nearby high-capacity wells. At least one year of

baseline data and one year of data after project pumping begins should be collected prior to

implementation of the mitigation/cost reimbursement program.
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

Township 6 South Range 18 East
OBS-1 - - WorleyParsons 5/25/2009 383 76.77 306.23 Alluvium

OBS-2-270 - - WorleyParsons 7/9/2009 383 78.75 304.25 Bouse Formation
OBS-2-315 - - WorleyParsons 7/9/2009 383 80.89 302.11 Bouse Formation
OBS-2-370 - - WorleyParsons 7/9/2009 383 82.46 300.54 Bouse Formation
OBS-2-400 - - WorleyParsons 7/9/2009 383 85.76 297.24 Bouse Formation

TW-1 - - WorleyParsons 5/23/2009 383 86.26 296.74 Bouse Formation

2 6S/18E-36E1 DWR, 1963 5/19/1961 424 140 284
Alluvium/Bouse

Formation

3 6S/18E-36E1
DWR Well

Records
2/26/1982 498 180 318 Bouse Formation

Township 6 South Range 19 East

4 6S/19E-19J1 DWR, 1963 7/24/1961 354 60.05 293.95 - -

6 6S/19E-25R1 DWR, 1963 9/20/1961

USGS-NWIS 9/16/1990 354 81.36 272.64

USGS-NWIS 9/24/1990 354 81.56 272.44

USGS-NWIS 2/13/1992 354 81.2 272.8

13 6S/19E-32
DWR Well

Records
6/27/1982 392 200 192 Bouse Formation

14 6S/19E-32
DWR Well

Records
5/1/1991 392 109.71 282.29 Fanglomerate

15 006S019E32K001S USGS-NWIS 2/17/1992 390.2 104.36 285.84

USGS-NWIS 3/15/2000 390.2 97.36 292.84

WorleyParsons 9/23/2009 390.2 97 293.2

16 006S019E32K002S USGS-NWIS 2/17/1992 390 110.39 279.61

WorleyParsons 9/23/2009 390 103 287

17 6S/19E-33A1 DWR, 1963 3/25/1917 361 70.8 290.2 Fanglomerate

Township 6 South Range 20 East

22 006S020E33L001S USGS-NWIS 2/4/2002 387.60 125.29 262.31 - -/Bouse Formation

USGS-NWIS 9/26/1990 392.10 134.10 258

USGS-NWIS 2/10/1992 392.10 134.8 257.3

Township 7 South Range 18 East

USGS-NWIS 12/26/1982 562.58 300 262.58

USGS-NWIS 2/13/1992 562.58 270.28 292.3

USGS-NWIS 3/15/2000 562.58 269.85 292.73

WorleyParsons 9/23/2009 562.58 282 280.58

27 7S/18E-11N1 DWR, 1963 6/19/1961 555.00 258.83 296.17 - -/Bouse Formation

28 7S/18E-11R1 DWR, 1963 6/19/1961 520.00 21.65 498.35 - -/Bouse Formation

USGS-NWIS 1/16/1983 545.91 270 275.91

USGS-NWIS 2/13/1992 545.91 257.61 288.3

USGS-NWIS 3/15/2000 545.91 257.22 288.69

WorleyParsons 9/23/2009 545.91 250 295.91

Township 7 South Range 19 East

USGS-NWIS 9/16/1990 423.89 144.25 279.64

USGS-NWIS 3/29/2000 423.89 144.41 279.48

Township 7 South Range 20 East

USGS-NWIS 6/12/1961 418 151.83 266.17

USGS-NWIS 10/10/1961 418 151.09 266.91

USGS-NWIS 11/8/1961 418 151.03 266.97

USGS-NWIS 1/10/1962 418 151.04 266.96

USGS-NWIS 3/8/1962 418 150.89 267.11

Alluvium/Bouse

Formation

- -

- -/Bouse Formation

- -/Bouse Formation

- -

Bouse Formation

Alluvium

007S018E14H001S29

007S018E14F001S26

23 006S020E33C001S

9 006S019E28R001S

31 007S019E04R001S

1 of 6



Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/9/1962 418 150.73 267.27

USGS-NWIS 5/7/1962 418 150.83 267.17

USGS-NWIS 10/31/1962 418 150.9 267.1

USGS-NWIS 3/13/1963 418 150.84 267.16

USGS-NWIS 10/31/1963 418 150.91 267.09

USGS-NWIS 3/19/1964 418 150.77 267.23

USGS-NWIS 11/25/1964 418 151.13 266.87

USGS-NWIS 3/18/1965 418 151.21 266.79

USGS-NWIS 11/18/1965 418 151.4 266.6

USGS-NWIS 3/2/1966 418 150.66 267.34

USGS-NWIS 10/27/1966 418 150.89 267.11

USGS-NWIS 3/16/1967 418 150.92 267.08

USGS-NWIS 10/25/1967 418 150.86 267.14

USGS-NWIS 10/23/1969 418 150.89 267.11

USGS-NWIS 4/30/1970 418 150.95 267.05

USGS-NWIS 1/1/1987 456.02 202.25 253.77

USGS-NWIS 9/17/1990 456.02 205.62 250.40

USGS-NWIS 2/10/1992 456.02 206.70 249.32

USGS-NWIS 2/11/1992 456.02 206.27 249.75

34 007S020E17L001S USGS-NWIS 10/8/1992 458.30 213 245.3
Bouse Formation/

Fanglomerate

USGS-NWIS 12/1/1987 456.48 205 251.48

USGS-NWIS 2/10/1992 456.48 200.5 255.98

USGS-NWIS 2/11/1992 456.48 199.07 257.41

USGS-NWIS 12/1/1987 443.54 203 240.54

USGS-NWIS 9/17/1990 443.54 189.05 254.49

USGS-NWIS 2/10/1992 443.54 187.7 255.84

USGS-NWIS 2/10/1992 443.54 186.2 257.34

USGS-NWIS 3/16/2000 443.54 199.24 244.3

Kennedy/Jenks/C

hilton, 1986
7/1/1981 433.09 163 270.09

USGS-NWIS 2/11/1992 433.09 174.47 258.62

USGS-NWIS 4/5/1961 442.94 168.37 274.57

USGS-NWIS 4/30/1970 442.94 171.81 271.13

USGS-NWIS 7/31/1979 442.94 173.48 269.46

USGS-NWIS 7/24/1980 442.94 169.06 273.88

USGS-NWIS 1/23/1981 442.94 169.22 273.72

USGS-NWIS 9/23/1981 442.94 169.23 273.71

USGS-NWIS 3/3/1982 442.94 170.26 272.68

USGS-NWIS 1/28/1983 442.94 170.54 272.4

USGS-NWIS 7/31/1984 442.94 170.65 272.29

USGS-NWIS 2/27/1985 442.94 171.1 271.84

USGS-NWIS 6/12/1985 442.94 172.9 270.04

USGS-NWIS 2/9/1992 442.94 183.46 259.48

40 007S020E18K001S USGS-NWIS 10/30/1992 449.40 193 256.4
Bouse Formation/

Fanglomerate

41 007S020E18R001S USGS-NWIS 10/19/1992 453.60 202 251.6 Fanglomerate

42 7S/29E-18R1
Kennedy/Jenks/C

hilton, 1986
1/1/1982 470.00 197 273

Bouse Formation/

Fanglomerate

USGS-NWIS 3/15/1982 505.60 248 257.6

USGS-NWIS 2/13/1992 505.60 232.35 273.25

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

- -/Bouse Formation32 07S20E04R001S

33 007S020E16M001S

35 7S/20E-17K1

36 007S020E17G001S

39 007S020E18H001S

37 007S020E17C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 3/29/2000 505.60 234.5 271.1

USGS-NWIS 10/5/2000 505.60 234.84 270.76

USGS-NWIS 1/10/2001 505.60 234.89 270.71

USGS-NWIS 2/23/2001 505.60 234.45 271.15

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 7/10/2001 505.60 235.4 270.2

USGS-NWIS 11/7/2001 505.60 235.66 269.94

USGS-NWIS 11/7/2001 505.60 235.69 269.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 10/2/2002 505.60 236.16 269.44

USGS-NWIS 10/2/2002 505.60 236.04 269.56

USGS-NWIS 6/3/2003 505.60 235.59 270.01

USGS-NWIS 6/3/2003 505.60 235.61 269.99

USGS-NWIS 11/5/2003 505.60 236.46 269.14

USGS-NWIS 11/5/2003 505.60 236.45 269.15

USGS-NWIS 3/2/2004 505.60 235.63 269.97

USGS-NWIS 3/2/2004 505.60 235.65 269.95

USGS-NWIS 8/4/2004 505.60 236.18 269.42

USGS-NWIS 12/8/2004 505.60 236.11 269.49

USGS-NWIS 4/15/2005 505.60 235.61 269.99

USGS-NWIS 8/31/2005 505.60 236.17 269.43

USGS-NWIS 2/14/2006 505.60 236.12 269.48

USGS-NWIS 5/5/2006 505.60 269.22 236.38

USGS-NWIS 8/10/2006 505.60 268.94 236.66

USGS-NWIS 12/8/2006 505.60 269.03 236.57

USGS-NWIS 2/7/2007 505.60 269.44 236.16

USGS-NWIS 5/17/2007 505.60 269.05 236.55

USGS-NWIS 9/5/2007 505.60 268.69 236.91

USGS-NWIS 12/13/2007 505.60 269.05 236.55

USGS-NWIS 3/19/2008 505.60 269.95 235.65

USGS-NWIS 6/25/2008 505.60 269.98 235.62

USGS-NWIS 9/24/2008 505.60 269.87 235.73

USGS-NWIS 1/14/2009 505.60 270.35 235.25

USGS-NWIS 4/16/2009 505.60 270.32 235.28

44 007S020E28C002S USGS-NWIS 11/29/1989 505.30 234 271.3
Bouse Formation/

Fanglomerate

Township 4 South Range 16 East

USGS-NWIS 4/10/1961 548 71.41 476.59

USGS-NWIS 4/21/1961 548 71.61 476.39

USGS-NWIS 6/10/1961 548 71.43 476.57

USGS-NWIS 6/14/1961 548 73.46 474.54

USGS-NWIS 2/7/1962 548 69.32 478.68

USGS-NWIS 3/8/1962 548 70.29 477.71

USGS-NWIS 4/9/1962 548 72.45 475.55

USGS-NWIS 5/7/1962 548 73.82 474.18

USGS-NWIS 8/24/1962 548 79.95 468.05

USGS-NWIS 9/27/1962 548 79.57 468.43

USGS-NWIS 11/1/1962 548 77.17 470.83

USGS-NWIS 5/1/1970 548 77.25 470.75

Bouse Formation43 007S020E28C001S

- -48 04S16E32M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/19/1979 548 66.95 481.05

USGS-NWIS 7/24/1980 548 72.87 475.13

USGS-NWIS 1/23/1981 548 74.16 473.84

USGS-NWIS 10/1/1981 548 86.9 461.1

USGS-NWIS 4/15/1982 548 82.01 465.99

USGS-NWIS 1/27/1983 548 90.29 457.71

USGS-NWIS 7/31/1984 548 121.88 426.12

USGS-NWIS 2/27/1985 548 120.8 427.2

Township 4 South Range 17 East

USGS-NWIS 1/15/1932 500.00 22.50 477.50

USGS-NWIS 5/21/1952 500.00 21.00 479.00

USGS-NWIS 9/17/1954 500.00 21.20 478.80

USGS-NWIS 10/16/1956 500.00 21.40 478.60

USGS-NWIS 5/16/1957 500.00 21.60 478.40

USGS-NWIS 9/11/1959 500.00 21.90 478.10

USGS-NWIS 4/10/1961 500.00 21.82 478.18

USGS-NWIS 11/9/1961 500.00 22.40 477.60

USGS-NWIS 1/9/1962 500.00 22.20 477.80

USGS-NWIS 3/8/1962 500.00 22.14 477.86

USGS-NWIS 11/1/1962 500.00 22.41 477.59

USGS-NWIS 3/14/1963 500.00 22.22 477.78

USGS-NWIS 10/31/1963 500.00 22.31 477.69

USGS-NWIS 3/19/1964 500.00 22.41 477.59

USGS-NWIS 11/25/1964 500.00 22.40 477.60

USGS-NWIS 3/18/1965 500.00 22.51 477.49

USGS-NWIS 11/18/1965 500.00 22.30 477.70

USGS-NWIS 3/2/1966 500.00 22.50 477.50

USGS-NWIS 10/28/1966 500.00 22.74 477.26

USGS-NWIS 3/16/1967 500.00 22.55 477.45

USGS-NWIS 10/26/1967 500.00 22.95 477.05

USGS-NWIS 4/8/1968 500.00 22.80 477.20

USGS-NWIS 11/7/1968 500.00 22.71 477.29

USGS-NWIS 4/23/1969 500.00 25.02 474.98

USGS-NWIS 10/23/1969 500.00 24.72 475.28

USGS-NWIS 4/29/1970 500.00 23.15 476.85

USGS-NWIS 10/27/1970 500.00 23.55 476.45

USGS-NWIS 3/31/1971 500.00 23.57 476.43

USGS-NWIS 4/25/1979 500.00 23.88 476.12

USGS-NWIS 7/24/1980 500.00 24.40 475.60

USGS-NWIS 1/23/1981 500.00 24.52 475.48

USGS-NWIS 10/1/1981 500.00 25.23 474.77

USGS-NWIS 4/15/1982 500.00 26.69 473.31

USGS-NWIS 1/27/1983 500.00 25.01 474.99

USGS-NWIS 7/31/1984 500.00 25.31 474.69

USGS-NWIS 2/27/1985 500.00 25.42 474.58

USGS-NWIS 6/12/1985 500.00 25.65 474.35

Township 5 South Range 16 East

USGS-NWIS 4/9/1961 603.67 121.14 482.53

USGS-NWIS 4/20/1961 603.67 125.61 478.06

USGS-NWIS 6/10/1961 603.67 125.11 478.56

USGS-NWIS 6/11/1961 603.67 126.84 476.83

- -49 004S017E06C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 6/13/1961 603.67 127.20 476.47

USGS-NWIS 6/14/1961 603.67 125.52 478.15

USGS-NWIS 6/15/1961 603.67 128.09 475.58

USGS-NWIS 6/19/1961 603.67 129.19 474.48

USGS-NWIS 8/6/1961 603.67 126.93 476.74

USGS-NWIS 10/7/1961 603.67 124.14 479.53

USGS-NWIS 10/8/1961 603.67 124.10 479.57

USGS-NWIS 10/9/1961 603.67 124.93 478.74

USGS-NWIS 10/9/1961 603.67 124.90 478.77

USGS-NWIS 11/8/1961 603.67 126.70 476.97

USGS-NWIS 8/24/1962 603.67 126.70 476.97

USGS-NWIS 11/1/1962 603.67 139.70 463.97

USGS-NWIS 4/29/1970 603.67 128.13 475.54

USGS-NWIS 10/3/1991 603.67 194.37 409.3

USGS-NWIS 2/18/1992 603.67 189.10 414.57

USGS-NWIS 3/18/1992 603.67 189.85 413.82

USGS-NWIS 9/23/1992 603.67 188.42 415.25

USGS-NWIS 4/21/1993 603.67 183.00 420.67

USGS-NWIS 9/16/1993 603.67 182.34 421.33

USGS-NWIS 4/20/1994 603.67 179.16 424.51

USGS-NWIS 10/17/2000 556.81 90.00 466.81

USGS-NWIS 9/19/1952 598.00 108 490

ECEC, 20098
6/1/1980 598.00 118.00 480

ECEC, 20098
7/1/1980 598.00 128.00 470

ECEC, 20098
9/1/1980 598.00 133.00 465

ECEC, 20098
11/1/1980 598.00 138.00 460

ECEC, 20098
6/1/1981 598.00 158.00 440

ECEC, 20098
12/1/1981 598.00 168.00 430

ECEC, 20098
6/1/1983 598.00 208.00 390

ECEC, 20098
6/1/1984 598.00 228.00 370

ECEC, 20098
1/1/1986 598.00 248.00 350

ECEC, 20098
1/1/1987 598.00 248.00 350

USGS-NWIS 6/26/1990 598.00 212.86 385.14

USGS-NWIS 10/23/1990 598.00 207.83 390.17

USGS-NWIS 3/14/1991 598.00 199.29 398.71

USGS-NWIS 2/18/1992 598.00 188.38 409.62

- - 005S016E07P002S USGS-NWIS 10/18/2000 598.45 136.82 461.63 - -

- - 005S016E05F001S USGS-NWIS 10/17/2000 543.53 79.38 464.15 - -

USGS-NWIS 6/10/1999 544.79 81.00 463.79

USGS-NWIS 10/17/2000 544.79 79.62 465.17

USGS-NWIS 10/17/2000 544.79 79.62 465.17

Township 5 South Range 17 East

USGS-NWIS 4/6/1961 538 76.18 461.82

USGS-NWIS 4/20/1961 538 76.17 461.83

USGS-NWIS 5/1/1970 538 75.3 462.7

USGS-NWIS 2/12/1992 538 82.3 455.7

Township 6 South Range 17 East

USGS-NWIS 4/7/1961 566 189.85 376.15

USGS-NWIS 4/20/1961 566 189.98 376.02

Township 8 South Range 20 East

- -52 005S016E07M001S

- -53 005S016E07P001S

- -- - 005S016E05F002S

51 5S/17E-19Q1

- -50 006S017E03M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 2/14/1984 580.90 300 280.9

USGS-NWIS 9/28/1990 580.90 299.61 281.29

USGS-NWIS 2/9/1992 580.90 299.69 281.21

USGS-NWIS 3/30/2000 580.90 300.05 280.85

USGS-NWIS 1985-05 654.50 360 294.5

USGS-NWIS 9/28/1990 654.50 369.19 285.31

USGS-NWIS 2/10/1992 654.50 369.15 285.35

USGS-NWIS 3/30/2000 654.50 369.08 285.42

Notes:

1. - - = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey National Water Information System

5. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
6. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

7. ECEC, 2009. Eagle Mountain Pumped Storage Project, No. 1312, Exhibit E: Applicant Prepared Environmental Impact Statement:

Submitted to Federal Energy Regulatory Commission, June 22.

8. Data interpolated from hydrograph

008S020E09K001S

- -/Bouse Formation54 008S020E28N001S

Bouse Formation47
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

OBS-2 WorleyParons 6/17/2009 800 383 - - - - 5,000 2,300 11 Bouse Formation

6/5/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 5,600 7,8,9 Bouse Formation

7/9/2009 350 to 550 33 to -167 383 555 350 to 550 10,000 5,300 7,8,9 Bouse Formation

7/13/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 6,400 7,8,9 Bouse Formation

7/16/2009 350 to 550 33 to -167 383 555 350 to 550 8,900 4,700 7,8,9 Bouse Formation

1 DWR, 1963 5/19/1961 - - 889 - - - - 1,760 656 - - - -

Azca Drilling and Pump 4/20/2009 560 to 940 -62 to -442 498 957 560 to 940 910 - - - - Bouse Formation

WorleyParsons 9/3/2009 560 to 940 -62 to -442 498 957 560 to 940 970 - - - - Bouse Formation

5 DWR, 1963 10/10/1961 - - to 85.7 - - to 274.3 360 85.7 - - 5,730 1,770 1 Alluvium

DWR Well Records 6/25/1991 890 to 940 -498 to -548 392 982 890 to 940 2,400 - - 11 Fanglomerate

WorleyParsons 7/29/2009 - - - - to - - 392 450 - - 6,600
13

3,400
13 11 - -

200.00 390.2 526 - - 19,000
14 - - - - - -

500.00 390.2 526 - - 26,000
14 - - - - - -

16 WorleyParsons 9/16/2009 247.00 390 297 - - 3,100 - - - - Alluvium

DWR, 1963 1959 1,175 to 1,200 -814 to -839 361 1,200 1,175 to 1,200 2,150 986 12 Fanglomerate

WorleyParsons 9/17/2009 247 361 267 - - 20,000
14 - - 12 Fanglomerate

21 DWR, 1963 10/17/1917 - - - - - - - - 3,820 865 - - - -

23 USGS- NWIS, 2009 4/19/1979 - - 392.10 - - - - 2,350 950 - - - -

26 WorleyParsons 9/16/2009 760.00 562.58 952.00
410 to 630 750 to

770 810 to 870
1,100 - - - - Fanglomerate

27 DWR, 1963 10/10/1961 - - to 486.4 - - to 68.6 555 486.4 - - 2,210 718 5 - -/Bouse Formation

28 DWR, 1963 10/10/1961 - - to 779.4 - - to -259.4 520 779.4 - - 1,470 273 10 - -/Bouse Formation

29 WorelyParsons 9/16/2009 720 545.91 950

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

1,100 - - - - Bouse Formation

31 DWR, 1963 10/10/1961 - - to 242.2 - - to 181.69 423.89 242.2 - - 2,560 734 2 Alluvium

32 DWR, 1963 10/10/1961 - - to 315.7 - - to 102.3 418.00 315.7 - - 8,150 3,250 4 Alluvium

37
Engineering-Science,

1990
6/4/1990 750 to 1,050 -316.91 to -616.91 433.09 1,050 750 to 1,050 752 214 10,11

Bouse Formation/

Fanglomerate

275 433 1,222 540 2

315 433 1,081 480 2

335 433 1,128 510 4

355 433 1,175 420 4

375 433 1,222 540 5

395 433 1,340 540 6

415 433 1,387 450 7

435 433 1,340 600 8

58

38

18

158

118

-2

Sample Depth

(feet amsl)

9/16/2009
190.20

-109.80

-174.09

-417

- -

- -

143.00

98

78

TW-1 WorleyParons

3

14

15 WorelyParsons

17
114.00

-197.42

- -
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

455 433 1,551 510 9

475 433 1,586 720 9

495 433 2,244 1,170 9

515 433 1,974 450 9

535 433 4,028 1,500 9

575 433 2,362 960 9

615 433 1,281 600 10

635 433 893 330 10

655 433 787 270 10

675 433 776 270 10

695 433 705 240 10

735 433 599 330 10

755 433 682 240 10

775 433 646 240 10

795 433 752 270 10

815 433 752 270 10

275 to 815 158 to -382 433 1,313 519
Bouse Formation

Average

835 433 717 270 11

855 433 670 240 11

875 433 729 240 11

895 433 705 240 11

915 433 693 270 11

935 433 729 300 11

955 433 752 300 11

975 433 740 270 11

995 433 705 270 11

1,015 433 747 270 11

835 to 1,015 -402 to -582 433 719 267
Fanglomerate

Average

39

CH2M Hill and Boyle

Engineering,1995/

DWR, 1963

1/1986 (TDS)

6/12/1961

(Chloride)

853 to 1,083 -410.06 to -640.06 442.94 1,139 853 to 1,083 786 216 11 Fanglomerate

42

CH2M Hill and Boyle

Engineering,1995/

Woodward-Clyde

Consultants, 1986

5/1988 (TDS)

8/24/83 (Chloride)
738 to 1,100 -268.00 to -630.00 470.00 1,100 738 to 1,100 765 199 10,11

Bouse Formation/

Fanglomerate

43
Kennedy/Jenks/Chilton,

1986
Jan-86 510 to 780 -4.40 to -274.40 505.60 830

510 to 600 and 680

to 780
1,150 460 9,10 Bouse Formation

Kennedy/Jenks/Chilton,

1986
Jan-86 500 to 850 121 to -229 621 1,350 520

2,3,4,5,6,7,8

,9,10

795 to 815 and 995

to 1,015
38

11 Woodward-Clyde

Consultants, 1986
6/20/1986 1,040

-22

-82

-102

-142

-182

-202

-42

-62

-222

-242

-262

-302

-322

-342

-362

-482

-502

-522

-382

-402

-422

-442

Bouse Formation

Fanglomerate

-542

-562

-582

-462
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

Woodward-Clyde

Consultants, 1986
1/4/1984 490 621 2,090 550 2

Woodward-Clyde

Consultants, 1986
1/5/1984 590 621 1,740 586 7

Woodward-Clyde

Consultants, 1986
2/7/1984 850 621 1,380 570 10

50 DWR, 1963 1959 - - to 818 - - to -252 566 818 -- -- 131 10 - -/Bouse Formation

Notes:

1. -- = information not available or not applicable

2. amsl = above mean sea level

3. bgs = below ground surface

4. TDS = total dissolved solids

5. mg/L = milligrams per liter

6. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7

7. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

8. CH2M Hill and Boyle Engineering, 1995. Technical Memorandum, Water Treatment Plant Evaluation - Phase I. Dated March 30

9. Woodward-Clyde Consultants, 1986. Final Report, Groundwater Quality Investigation, Wiley Well Area. Dated March 13.

10. Engineering Science, 1990. Water and Wastewater Facilities Engineering Study, California State Prison - Chuckawalla Valley. Dated September.

11. The TDS concentrations for well 38 were calculated based on electrical conductivity values and a conversion factor (TDS = EC x 0.47) reported by Woodward-Clyde Consultants, 1986

12. USGS-NWIS, 2009. United States Geological Survey - National Water Information System (USGS-NWIS) database. http://nwis.waterdata.usgs.gov/usa/nwis/qwdata

13. The sample collected from well 14 on 7/29/09 is from an unknown interval. This well has been reportedly re-constructed at a shallower depth. As such, the sample result is considered unreliable.

14. Water sample result is anomalous and may be indicative of a sample not collected from the screened interval or from static water inside a collapsed well.

500 to 580, 620 to

640, 710 to 850
87247

31

-229

Bouse Formation

131
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Sample Collection Date 6/5/2009 7/9/2009 7/13/2009 7/16/2009 6/17/2009

Sample Depth (feet bgs) Whole Well Whole Well Whole Well Whole Well 800

EPA Method 120.1 / SM2510B / SW9050A

Specific Conductance (at 25°C) µS/cm 19,000 19,000 18,000 18,000 8,800

EPA Method 150.2 / SM4500HB / SW9040C

pH pH Units 7.9 7.9 7.9 7.8 7.8

pH - Temperature °C 23 19 20 19 21

EPA Method 300.0 / 9056

Chloride mg/L 5,600 5,300 6,400 4,700 2,300

Fluoride mg/L 4.6 6.2 4.6 4.7 1.1

Nitrate (NO3) - N mg/L <0.25 -- -- <0.25 0.5

Nitrite (NO2) - N mg/L <0.63 <0.25 0.28 <0.50 <0.25

Sulfate as SO4 mg/L 1,500 1,400 1,800 1,200 810

EPA Method 335.2

Total Cyanide mg/L -- -- -- <0.005 --

EPA Method 365.3 / SM4500PE

Total Phosphorus mg/L -- -- -- <0.10 --

EPA Method SW6020 / SW6020A

Antimony mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Arsenic mg/L 0.024 0.023 0.027 -- 0.0092

Barium mg/L 0.03 0.028 0.027 0.028 0.033

Beryllium mg/L <0.004 <0.004 <0.004 <0.004 <0.004

Cadmium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Calcium mg/L 160 -- -- -- <0.50

Chromium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Cobalt mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Copper mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Iron mg/L 1.4 -- -- -- 0.46

Lead mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Lithium mg/L -- -- -- 1.4 --

Magnesium mg/L 38 -- -- -- --

Manganese mg/L 0.065 -- -- -- 0.029

Mercury mg/L <0.001 <0.001 <0.001 <0.001 <0.001

Molybdenum mg/L 0.44 0.43 0.4 0.37 0.24

Nickel mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Potassium mg/L 30 27 24 25 12

Selenium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Silica mg/L -- -- -- 22 19

Silver mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Sodium mg/L 4,500 4,000 3,600 3,600 1,500

Thallium mg/L <0.002 <0.002 <0.002 <0.002 <0.002

Vanadium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Zinc mg/L <0.10 <0.10 <0.10 <0.10 <0.10

EPA Method 200.8

Dissolved Silica mg/L -- -- -- 20 15

SM2320B

Bicarbonate Alkalinity (As CaCO3) mg/L -- -- -- 96 --

Carbonate Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Hydroxide Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Total Alkalinity (As CaCO3 at pH 4.5) mg/L 97 83 81 96 150

SM2340B

Calcium mg/L -- -- -- -- 66

Total Hardness (calc as CaCO3) mg/L 570 540 490 500 220
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Magnesium mg/L -- -- -- -- 14

SM2540C

Total Dissolved Solids mg/L 9,500 10,000 9,500 8,900 5,000

SM4500-S D

Sulfide mg/L -- -- -- <0.10 --

Notes:

1. bgs = below ground surface

2. <0.10 = not detected above the noted laboratory reporting limit

3. EPA = United States Environmental Protection Agency

4. µS/cm - microsiemens per centimeter

5. mg/L = milligrams per liter

6. °C = celsius

7. - - = not analyzed
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

OBS-1 - - Shallow Observatoin Well Genesis Solar, LLC 5/9/2009 Monitoring Well 5 883 155 100 to 150 Alluvium

OBS-2-270
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 270 265 to 275 Bouse Formation

OBS-2-315
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 315 304 to 327 Bouse Formation

OBS-2-370
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 370 359 to 374 Bouse Formation

OBS-2-400 5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 400 387 to 418 Bouse Formation

TW-1 - - Test Well Genesis Solar, LLC 5/22/2009 Monitoring Well 5 883 555 340 to 564 Bouse Formation

1 5S/20E-16M1 McCoy Spring and DWR-17 -- - - Unused - - 889 - - - - --

2 6S/18E-36E1 - -
CA Jojoba Research

and Development
12/18/1981 Irrigation 10 to 6 424 940

250 to 290 770 to

810

Alluvium/Bouse

Formation

3 6S/18E-29 Siddall Well Agra Energy Corp. 2/26/1982 Irrigation 20 to 8 498 957 560 to 940 Bouse Formation

4 6S/19E-19J1 - - -- - - Unused 12 354 - - - - - -

5 6S/19E-25P1 - - -- - - Unused 10 360 85.7 - - Alluvium

6 6S/19E-25R1 -- -- - - Destroyed 10 360 61.9 - - Alluvium

7 6S/19E-25 NOS 1A, 1B, 1C USGS -- Exploratory Borehole -- 358 -- -- --

8 6S/19E-26Z1 - - -- - - Destroyed - - - - - - - - - -

9 6S/19E-28R1 - - -- - - Unused - - 354 - - - - - -

10 6S/19E-29E1 - - -- - - Destroyed/ Collapsed 6 377 - -/19.7 6 - - - -

11 6S/19E-30H1 - - -- - - Destroyed 6 370 28.7 - - Alluvium

12 6S/19E-31Z1 - - -- - - Destroyed - - - - - - - - - -

13 6S/19E-32 - - Jacado Agri Corp. 6/27/1982 Destroyed 7 22 to 18 to 12 392 732
307 to 327 365 to

732
Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

14 6S/19E-32 - - Lorne Froats 5/1/1991
Domestic/ Irrigation/

Dust Control
12 to 10 392 982/450

6 890 to 940 Fanglomerate

15 6S/19E-32K1 - - - - -- 12.5 390.2 --/526
6 - - Bouse Formation

16 6S/19E-32K2 - - - - - - 10.5 390 --/297
6 - - Bouse Formation

17 6S/19E-33A1
Hopkins Well and DWR-

33X1
-- 1911 Destroyed 12 to 8 361 1200/267 6 1,175 to 1,200 Fanglomerate

18 6S/19E-34 -- So Cal Gas 4/29/1989 Anode 1 368 400 200 to 400
Alluvium/Bouse

Formation

19 6S/19E-34 -- So Cal Gas 7/15/1981 Other -- 369 274 0 to 274
Alluvium/Bouse

Formation

20 6S/19E-36A1 - - -- - - Destroyed 10 365 64.8 - - Alluvium

21 6S/20E-30Z1 Ford Well -- - - Stock; Destroyed 10 - - - - - - - -

22 6S/20E-33L1 - - -- - - Destroyed7 - - 387.60 1,197 - - Bouse Formation

23 6S/20E-33C1 - - -- - - Monitoring 10 392.10 400.00 - - Bouse Formation

24 6S/20E-33 -- Sol Cal Gas 4/29/1989 Andoe 1 397.00 435 235 to 435
Alluvium/Bouse

Formation

25 6S/20E-33 -- Sol Cal Gas 7/20/1981 Other -- 397 278 0 to 278
Alluvium/Bouse

Formation

26 7S/18E-14F1 - -
U.S. AgriResearch

and Development
12/26/1982 Irrigation 16 to 10 562.58 1,000/952 6 410 to 630 750 to

770 810 to 870

Alluvium/Bouse

Formation

27 7S/18E-11N1 - - -- - - Unused 16 555 486.4 - - Bouse Formation

28 7S/18E-11R1 - - -- - - Unused 16 520 779.4 - - Bouse Formation

29 7S/18E-14H1 - -
U.S. AgriResearch

and Development
1/16/1983 Irrigation 10 545.91 985/950 6

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

30 7S/18E-14H1 - - -- - - Destroyed 6 546 123.9 - - Alluvium

31 7S/19E-4R1 Teaque Well -- - - Unused 12 423.89 242.2 - - Alluvium

32 7S/20E-4R1 Vada McBride -- - - Unused 16 418.00 315.7 - - Bouse Formation

33 7S/20E-16M1 - -
CA Department of

Corrections
- - - - 30 to 16 456.02 1,200 690 to 1190

Bouse Formation/

Fanglomerate

34 7S/20E-17L1 WP-4
CA Department of

Corrections
9/8/1992 Public Water Supply 24 458.30 1,200 690 to 1190

Bouse Formation/

Fanglomerate

35 7S/20E-17K1 - -
CA Department of

Corrections
12/20/1989 - - 30 to 16 456.48 1,200 690 to 1190

Bouse Formation/

Fanglomerate

36 7S/20E-17G1 - -
CA Department of

Corrections
12/30/1987 Industrial 30 to 16 to 10 443.54 1,200 690 to 1190

Bouse Formation/

Fanglomerate

37 7S/20E-17C1 78 -- 1981 Irrigation 14 to 10 433.09 1,050 750 to 1,050
Bouse Formation/

Fanglomerate

38 7/20E-17C2 observation well 1
CA Department of

Corrections
6/20/1986 Monitoring 1 1/4 433 1,040

795 to 815 and 995

to 1,015

Bouse Formation/

Fanglomerate

39 7S/20E-18H1
59/observation well 2/Vada

McBride
-- 1959 Irrigation 15 to 12 442.94 1,139 853 to 1,083

Bouse Formation/

Fanglomerate

40 7S/20E-18K1 WP-6
CA Department of

Corrections
11/4/1992 Public Water Supply 15 to 10 449.40 1,200 690 to 1,200

Bouse Formation/

Fanglomerate

41 7S/20E-18R1 WP-5
CA Department of

Corrections
10/24/1992 Public Water Supply 13.5 to 10 453.60 1,160 - - Fanglomerate

42 7S/20E-20B1 79/observation well 3 -- 6/4/1905 Irrigation 16 to 12 470.00 1,100 738 to 1,100
Bouse Formation/

Fanglomerate

43 7S/20E-28C1 7S/20E-28F1/80 Jojoba Inc. 3/15/1982 Irrigation 10 to 8 505.60 830
510 to 600 and 680

to 780
Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

44 7S/20E-28C2 - - Jojoba Southwest 11/30/1989 Irrigation 16 to 12 505.30 1,100 700 to 1,100
Bouse Formation/

Fanglomerate

45 7S/20E-28 --

Chuckawalla Jojoba

inc Great American

Securities

6/6/1989 Test Hole/Abandoned -- 505 825 -- --

46 7S/20E-27L1 - - -- - - Destyroyed 8 517.00 53.6 - - Alluvium

47 8S/20E-10N2 60 -- 1984 -- 4 621 872
500 to 580, 620 to

640, 710 to 850
Bouse Formation

48 4S/16E-32M1 -- -- -- -- -- 548 -- -- --

49 4/S17E-6C1 -- -- -- -- -- 500 -- -- --

50 6S/17E-3M1 -- -- -- -- -- 566 818 -- Bouse Formation

51 5S/17E19Q1 -- -- -- -- -- 538 760 -- --

52 5S/16E-7M1 -- -- -- -- -- 603.67 648 -- --

53 5S/16E-7P1 -- -- -- -- -- 598 347 -- --

54 8S/20E-28N1 -- -- -- -- -- 654.5 500 -- Bouse Formation

Notes:

1. -- = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey - National Water Information System (USGS-NWIS) website at http://nwis.waterdata.usgs.gov/ca/nwis/gwlevels

5. Nested pressure transducer buried in place.

6. 1,000/952 = reported well depth/measured well depth. Well depth was measured by WorleyParsons or Azca Drilling.

7. Well could not be located by WorleyParsons. Presumed destroyed.

8. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
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Table 5-1 - Groundwater Demand from Cumulative Planned and Reasonably Foreseeable Projects

Project Construction Operation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 to 2043 Source Remarks
Projects in Western Chuckwalla Valley Groundwater Basin
Chuckwalla Solar I
(CACA048808)

20 40 0 20 20 20 40 40 40 40 40 40 BLM, 2009a;
CEC, 2009

SF-299 Filed. NOI issued. Construction 2011 to 2013

Palen Solar Power Project
(CACA048810)

436 300 0 426 426 436 300 300 300 300 300 300 AECOM, 2009 SF-299 Filed. NOI issued. AFC Filed. Construction 2011 to
2013

enXco Eagle Mountain Solel
(CACA049491)

-- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

enXco Desert Lili (CACA049492) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated. Not on BLM's list of active projects as of Sep-09.

Solel Desert Lili (CACA049494) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

First Solar Desert Sunlight
(CACA048649)

27 3.8 27 27 27 3.8 3.8 3.8 3.8 3.8 3.8 CEC, 2009;
BLM, 2009b

SF-299 Filed. NOI imminent. 3 year construction period.
Assume 2011 construction start.

enXco (CACA049489) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Solel (CACA049493) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Eagle Crest Pumped Storage
Startup

2,380 to 8,066 1,628 0 0 308 308 8,066 8,066 8,066 8,066 2,380 1,763 Eagle Crest,
2009

Groundwater demand during construction is 308 AFY; during
reservoir filling is 8,066 AFY 2014 to 2017; 2,380 AFY 2018

Total Sub-Basin Groundwater Demand 2.0 477.0 783.0 793.3 8,410.1 8,409.8 8,409.8 8,409.8 2,723.8 2,106.8

Projects in Eastern Chuckwalla Valley Groundwater Basin
Genesis Solar Energy Project 616 to 1,368 1,644 1,368 616 616 1,644 1,644 1,644 1,644 1,644 1,644

enXco Mule Mountain Solel
(CACA049488)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Bullfrog Mule Mountain
(CACA049097)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

Formerly Altera; SF-299 Filed, but neither CEQA or NEPA
process has been initiated.

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Total Sub-Basin Groundwater Demand 2.0 1,372.0 618.0 618.3 1,644.3 1,644.0 1,644.0 1,644.0 1,644.0 1,644.0
Notes:

-- No data. Project does not meet criteria for consideration in cumulative impact analysis for groundwater resources.

Annual Water Demand (AFY) Cumulative Future Water Demand for Planned and Reasonably Forseeable Projects

Note that the water demand numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle

Crest project (GEI, 2009). This adjustment has not substantively changed our findings or conclusions.
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Table 5-2: Cumulative Water Budget Forecast

Year

Subsurface

Inflow 3

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Palen Lake

Evapo-

transpiration

Increased

Outflow to

Eastern

Basin

Annual

Water

Budget

Cumulative

Water Budget

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Increased

Inflow from

Western

Basin

Outflow to

PVMB

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Annual

Water

Budget

Cumulative

Water

Budget

Basin

Annual

Water

Budget

Basin

Cumulative

Water Budget

2009 3,500 4,680 750 36 7,756 0 0 350 0 860 860 4,760 50 795 0 400 2,607 -- -- 2,598 2,598 3,458 3,458

2010 3,500 4,680 750 36 7,756 2 0 350 0 858 1,718 4,760 50 795 0 400 2005 4 2 0 5,203 7,801 6,061 9,519

2011 3,500 4,680 750 36 7,756 477 0 350 0 383 2,101 4,760 50 795 0 400 2,005 1372 0 1,828 9,629 2,211 11,730

2012 3,500 4,680 750 36 7,756 783 0 350 0 77 2,178 4,760 50 795 0 400 2,005 618 0 2,582 12,211 2,659 14,389

2013 3,500 4,680 750 36 7,756 793.3 0 350 0.1 67 2,245 4,760 50 795 0.1 400 2,005 618.3 0 2,582 14,793 2,648 17,037

2014 3,500 4,680 750 36 7,756 8,066.30 344 350 0.3 -7,550 -5,306 4,760 50 795 0.3 390 2,005 0.3 1,644 1,566 16,359 -5,984 11,053

2015 3,500 4,680 750 36 7,756 8,066 344 350 2 -7,552 -12,858 4,760 50 795 2 376 2,005 0 1,644 1,582 17,941 -5,970 5,083

2016 3,500 4,680 750 36 7,756 8,066 344 350 4 -7,554 -20,411 4,760 50 795 4 364 2,005 0 1,644 1,596 19,537 -5,958 -875

2017 3,500 4,680 750 36 7,756 8,066 344 350 7 -7,557 -27,968 4,760 50 795 7 351 2,005 0 1,644 1,612 21,149 -5,945 -6,819

2018 3,500 4,680 750 36 7,756 2,380 344 350 10 -1,874 -29,842 4,760 50 795 10 336.5 2,005 0 1,644 1,630 22,778 -244 -7,064

2019 3,500 4,680 750 36 7,756 0 2,107 350 13.5 -1,260 -31,102 4,760 50 795 13.5 324 2,005 0 1,644 1,646 24,424 385 -6,678

2020 3,500 4,680 750 36 7,756 0 2,107 350 16.5 -1,263 -32,366 4,760 50 795 16.5 311 2,005 0 1,644 1,662 26,085 398 -6,280

2021 3,500 4,680 750 36 7,756 0 2,107 350 20 -1,267 -33,632 4,760 50 795 20 298.5 2,005 0 1,644 1,678 27,763 411 -5,870

2022 3,500 4,680 750 36 7,756 0 2,107 350 25 -1,272 -34,904 4,760 50 795 25 288 2,005 0 1,644 1,693 29,456 421 -5,448

2023 3,500 4,680 750 36 7,756 0 2,107 350 30 -1,277 -36,181 4,760 50 795 30 275 2,005 0 1,644 1,711 31,167 434 -5,014

2024 3,500 4,680 750 36 7,756 0 2,107 350 35 -1,282 -37,463 4,760 50 795 35 263.5 2,005 0 1,644 1,728 32,894 446 -4,569

2025 3,500 4,680 750 36 7,756 0 2,107 350 41 -1,288 -38,751 4,760 50 795 41 251.5 2,005 0 1,644 1,746 34,640 458 -4,111

2026 3,500 4,680 750 36 7,756 0 2,107 350 46.5 -1,293 -40,044 4,760 50 795 46.5 241 2,005 0 1,644 1,762 36,401 468 -3,643

2027 3,500 4,680 750 36 7,756 0 2,107 350 52 -1,299 -41,343 4,760 50 795 52 230.5 2,005 0 1,644 1,778 38,179 479 -3,164

2028 3,500 4,680 750 36 7,756 0 2,107 350 59 -1,306 -42,649 4,760 50 795 59 220 2,005 0 1,644 1,795 39,974 489 -2,675

2029 3,500 4,680 750 36 7,756 0 2,107 350 65.5 -1,312 -43,961 4,760 50 795 65.5 210 2,005 0 1,644 1,812 41,785 499 -2,176

2030 3,500 4,680 750 36 7,756 0 2,107 350 72 -1,319 -45,280 4,760 50 795 72 200 2,005 0 1,644 1,828 43,613 509 -1,666

2031 3,500 4,680 750 36 7,756 0 2,107 350 80 -1,327 -46,606 4,760 50 795 80 188.5 2,005 0 1,644 1,848 45,461 521 -1,146

2032 3,500 4,680 750 36 7,756 0 2,107 350 88.5 -1,335 -47,942 4,760 50 795 88.5 177.5 2,005 0 1,644 1,867 47,328 532 -614

2033 3,500 4,680 750 36 7,756 0 2,107 350 97.5 -1,344 -49,286 4,760 50 795 97.5 167 2,005 0 1,644 1,887 49,214 542 -72

2034 3,500 4,680 750 36 7,756 0 2,107 350 105.5 -1,352 -50,638 4,760 50 795 105.5 158.5 2,005 0 1,644 1,903 51,117 551 479

2035 3,500 4,680 750 36 7,756 0 2,107 350 114 -1,361 -51,999 4,760 50 795 114 150 2,005 0 1,644 1,920 53,037 559 1,038

2036 3,500 4,680 750 36 7,756 0 2,107 350 124.5 -1,371 -53,370 4,760 50 795 124.5 140 2,005 0 1,644 1,941 54,978 569 1,607

2037 3,500 4,680 750 36 7,756 0 2,107 350 134.5 -1,381 -54,752 4,760 50 795 134.5 130 2,005 0 1,644 1,961 56,938 579 2,187

2038 3,500 4,680 750 36 7,756 0 2,107 350 144.5 -1,391 -56,143 4,760 50 795 144.5 121.5 2,005 0 1,644 1,979 58,917 588 2,774

2039 3,500 4,680 750 36 7,756 0 2,107 350 155 -1,402 -57,545 4,760 50 795 155 112 2,005 0 1,644 1,999 60,916 597 3,371

2040 3,500 4,680 750 36 7,756 0 2,107 350 165 -1,412 -58,957 4,760 50 795 165 105 2,005 0 1,644 2,016 62,932 604 3,976

2041 3,500 4,680 750 36 7,756 0 2,107 350 176 -1,423 -60,379 4,760 50 795 176 97.5 2,005 0 1,644 2,035 64,967 612 4,587

2042 3,500 4,680 750 36 7,756 0 2,107 350 187 -1,434 -61,813 4,760 50 795 187 90 2,005 0 1,644 2,053 67,020 619 5,207

2043 3,500 4,680 750 36 7,756 0 2,107 350 200 -1,447 -63,260 4,760 50 795 200 81 2,005 0 1,644 2,075 69,095 628 5,835

Notes:

1.

2.

3. For details, see Section 3.7.4

4.

Chuckwalla Valley

Groundwater Basin

Water BudgetInflow (AFY) Outflow (AFY)

Sub-Basin Water

Budget (AFY) Inflow Outflow

Sub-Basin Water

Budget

Western Chuckwalla Valley Groundwater Basin 1 Eastern Chuckwalla Groundwater Basin 2

Note that the water budget numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle Crest

project (GEI, 2009)and a minor adjustment of the model. This adjustment has not substantively changed our findings or conclusions.

Eastern Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Ford Detailed Analysis Unit

Reflects decreased prison water demand starting in 2010 due to water conservation and population reduction (Eagle Crest, 2009; Lanahan, 2009).

Western Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Palen Detailed Analysis Unit

Page 1 of 1
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Figure 12 - Hydrographs of Selected Wells in
Western Chuckwalla Valley Groundwater Basin
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Figure 13 - Hydrographs of Selected Wells in
Central Chuckwalla Valley Groundwater Basin
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Figure 14 - Hydrographs of Selected Wells in

Eastern Chuckwalla Valley Groundwater Basin
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Figure 18 - Well 49 Groundwater Levels, Precipitaiton Trends and Area Pumping
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Figure 22 - Modeled Chloride Concentrations in Groundwater Pumped from Project Production Wells
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CUMULATIVE DRAWDOWN FROM PROPOSED
PROJECTS AT END OF PROJECT CONSTRUCTION 

SWL MT 12/2009
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

Township 6 South Range 18 East
OBS-1 - - WorleyParsons 5/25/2009 383 76.77 306.23 Alluvium

OBS-2-270 - - WorleyParsons 7/9/2009 383 78.75 304.25 Bouse Formation
OBS-2-315 - - WorleyParsons 7/9/2009 383 80.89 302.11 Bouse Formation
OBS-2-370 - - WorleyParsons 7/9/2009 383 82.46 300.54 Bouse Formation
OBS-2-400 - - WorleyParsons 7/9/2009 383 85.76 297.24 Bouse Formation

TW-1 - - WorleyParsons 5/23/2009 383 86.26 296.74 Bouse Formation

2 6S/18E-36E1 DWR, 1963 5/19/1961 424 140 284
Alluvium/Bouse

Formation

3 6S/18E-36E1
DWR Well

Records
2/26/1982 498 180 318 Bouse Formation

Township 6 South Range 19 East

4 6S/19E-19J1 DWR, 1963 7/24/1961 354 60.05 293.95 - -

6 6S/19E-25R1 DWR, 1963 9/20/1961

USGS-NWIS 9/16/1990 354 81.36 272.64

USGS-NWIS 9/24/1990 354 81.56 272.44

USGS-NWIS 2/13/1992 354 81.2 272.8

13 6S/19E-32
DWR Well

Records
6/27/1982 392 200 192 Bouse Formation

14 6S/19E-32
DWR Well

Records
5/1/1991 392 109.71 282.29 Fanglomerate

15 006S019E32K001S USGS-NWIS 2/17/1992 390.2 104.36 285.84

USGS-NWIS 3/15/2000 390.2 97.36 292.84

WorleyParsons 9/23/2009 390.2 97 293.2

16 006S019E32K002S USGS-NWIS 2/17/1992 390 110.39 279.61

WorleyParsons 9/23/2009 390 103 287

17 6S/19E-33A1 DWR, 1963 3/25/1917 361 70.8 290.2 Fanglomerate

Township 6 South Range 20 East

22 006S020E33L001S USGS-NWIS 2/4/2002 387.60 125.29 262.31 - -/Bouse Formation

USGS-NWIS 9/26/1990 392.10 134.10 258

USGS-NWIS 2/10/1992 392.10 134.8 257.3

Township 7 South Range 18 East

USGS-NWIS 12/26/1982 562.58 300 262.58

USGS-NWIS 2/13/1992 562.58 270.28 292.3

USGS-NWIS 3/15/2000 562.58 269.85 292.73

WorleyParsons 9/23/2009 562.58 282 280.58

27 7S/18E-11N1 DWR, 1963 6/19/1961 555.00 258.83 296.17 - -/Bouse Formation

28 7S/18E-11R1 DWR, 1963 6/19/1961 520.00 21.65 498.35 - -/Bouse Formation

USGS-NWIS 1/16/1983 545.91 270 275.91

USGS-NWIS 2/13/1992 545.91 257.61 288.3

USGS-NWIS 3/15/2000 545.91 257.22 288.69

WorleyParsons 9/23/2009 545.91 250 295.91

Township 7 South Range 19 East

USGS-NWIS 9/16/1990 423.89 144.25 279.64

USGS-NWIS 3/29/2000 423.89 144.41 279.48

Township 7 South Range 20 East

USGS-NWIS 6/12/1961 418 151.83 266.17

USGS-NWIS 10/10/1961 418 151.09 266.91

USGS-NWIS 11/8/1961 418 151.03 266.97

USGS-NWIS 1/10/1962 418 151.04 266.96

USGS-NWIS 3/8/1962 418 150.89 267.11

Alluvium/Bouse

Formation

- -

- -/Bouse Formation

- -/Bouse Formation

- -

Bouse Formation

Alluvium

007S018E14H001S29

007S018E14F001S26

23 006S020E33C001S

9 006S019E28R001S

31 007S019E04R001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/9/1962 418 150.73 267.27

USGS-NWIS 5/7/1962 418 150.83 267.17

USGS-NWIS 10/31/1962 418 150.9 267.1

USGS-NWIS 3/13/1963 418 150.84 267.16

USGS-NWIS 10/31/1963 418 150.91 267.09

USGS-NWIS 3/19/1964 418 150.77 267.23

USGS-NWIS 11/25/1964 418 151.13 266.87

USGS-NWIS 3/18/1965 418 151.21 266.79

USGS-NWIS 11/18/1965 418 151.4 266.6

USGS-NWIS 3/2/1966 418 150.66 267.34

USGS-NWIS 10/27/1966 418 150.89 267.11

USGS-NWIS 3/16/1967 418 150.92 267.08

USGS-NWIS 10/25/1967 418 150.86 267.14

USGS-NWIS 10/23/1969 418 150.89 267.11

USGS-NWIS 4/30/1970 418 150.95 267.05

USGS-NWIS 1/1/1987 456.02 202.25 253.77

USGS-NWIS 9/17/1990 456.02 205.62 250.40

USGS-NWIS 2/10/1992 456.02 206.70 249.32

USGS-NWIS 2/11/1992 456.02 206.27 249.75

34 007S020E17L001S USGS-NWIS 10/8/1992 458.30 213 245.3
Bouse Formation/

Fanglomerate

USGS-NWIS 12/1/1987 456.48 205 251.48

USGS-NWIS 2/10/1992 456.48 200.5 255.98

USGS-NWIS 2/11/1992 456.48 199.07 257.41

USGS-NWIS 12/1/1987 443.54 203 240.54

USGS-NWIS 9/17/1990 443.54 189.05 254.49

USGS-NWIS 2/10/1992 443.54 187.7 255.84

USGS-NWIS 2/10/1992 443.54 186.2 257.34

USGS-NWIS 3/16/2000 443.54 199.24 244.3

Kennedy/Jenks/C

hilton, 1986
7/1/1981 433.09 163 270.09

USGS-NWIS 2/11/1992 433.09 174.47 258.62

USGS-NWIS 4/5/1961 442.94 168.37 274.57

USGS-NWIS 4/30/1970 442.94 171.81 271.13

USGS-NWIS 7/31/1979 442.94 173.48 269.46

USGS-NWIS 7/24/1980 442.94 169.06 273.88

USGS-NWIS 1/23/1981 442.94 169.22 273.72

USGS-NWIS 9/23/1981 442.94 169.23 273.71

USGS-NWIS 3/3/1982 442.94 170.26 272.68

USGS-NWIS 1/28/1983 442.94 170.54 272.4

USGS-NWIS 7/31/1984 442.94 170.65 272.29

USGS-NWIS 2/27/1985 442.94 171.1 271.84

USGS-NWIS 6/12/1985 442.94 172.9 270.04

USGS-NWIS 2/9/1992 442.94 183.46 259.48

40 007S020E18K001S USGS-NWIS 10/30/1992 449.40 193 256.4
Bouse Formation/

Fanglomerate

41 007S020E18R001S USGS-NWIS 10/19/1992 453.60 202 251.6 Fanglomerate

42 7S/29E-18R1
Kennedy/Jenks/C

hilton, 1986
1/1/1982 470.00 197 273

Bouse Formation/

Fanglomerate

USGS-NWIS 3/15/1982 505.60 248 257.6

USGS-NWIS 2/13/1992 505.60 232.35 273.25

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

- -/Bouse Formation32 07S20E04R001S

33 007S020E16M001S

35 7S/20E-17K1

36 007S020E17G001S

39 007S020E18H001S

37 007S020E17C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 3/29/2000 505.60 234.5 271.1

USGS-NWIS 10/5/2000 505.60 234.84 270.76

USGS-NWIS 1/10/2001 505.60 234.89 270.71

USGS-NWIS 2/23/2001 505.60 234.45 271.15

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 7/10/2001 505.60 235.4 270.2

USGS-NWIS 11/7/2001 505.60 235.66 269.94

USGS-NWIS 11/7/2001 505.60 235.69 269.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 10/2/2002 505.60 236.16 269.44

USGS-NWIS 10/2/2002 505.60 236.04 269.56

USGS-NWIS 6/3/2003 505.60 235.59 270.01

USGS-NWIS 6/3/2003 505.60 235.61 269.99

USGS-NWIS 11/5/2003 505.60 236.46 269.14

USGS-NWIS 11/5/2003 505.60 236.45 269.15

USGS-NWIS 3/2/2004 505.60 235.63 269.97

USGS-NWIS 3/2/2004 505.60 235.65 269.95

USGS-NWIS 8/4/2004 505.60 236.18 269.42

USGS-NWIS 12/8/2004 505.60 236.11 269.49

USGS-NWIS 4/15/2005 505.60 235.61 269.99

USGS-NWIS 8/31/2005 505.60 236.17 269.43

USGS-NWIS 2/14/2006 505.60 236.12 269.48

USGS-NWIS 5/5/2006 505.60 269.22 236.38

USGS-NWIS 8/10/2006 505.60 268.94 236.66

USGS-NWIS 12/8/2006 505.60 269.03 236.57

USGS-NWIS 2/7/2007 505.60 269.44 236.16

USGS-NWIS 5/17/2007 505.60 269.05 236.55

USGS-NWIS 9/5/2007 505.60 268.69 236.91

USGS-NWIS 12/13/2007 505.60 269.05 236.55

USGS-NWIS 3/19/2008 505.60 269.95 235.65

USGS-NWIS 6/25/2008 505.60 269.98 235.62

USGS-NWIS 9/24/2008 505.60 269.87 235.73

USGS-NWIS 1/14/2009 505.60 270.35 235.25

USGS-NWIS 4/16/2009 505.60 270.32 235.28

44 007S020E28C002S USGS-NWIS 11/29/1989 505.30 234 271.3
Bouse Formation/

Fanglomerate

Township 4 South Range 16 East

USGS-NWIS 4/10/1961 548 71.41 476.59

USGS-NWIS 4/21/1961 548 71.61 476.39

USGS-NWIS 6/10/1961 548 71.43 476.57

USGS-NWIS 6/14/1961 548 73.46 474.54

USGS-NWIS 2/7/1962 548 69.32 478.68

USGS-NWIS 3/8/1962 548 70.29 477.71

USGS-NWIS 4/9/1962 548 72.45 475.55

USGS-NWIS 5/7/1962 548 73.82 474.18

USGS-NWIS 8/24/1962 548 79.95 468.05

USGS-NWIS 9/27/1962 548 79.57 468.43

USGS-NWIS 11/1/1962 548 77.17 470.83

USGS-NWIS 5/1/1970 548 77.25 470.75

Bouse Formation43 007S020E28C001S

- -48 04S16E32M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/19/1979 548 66.95 481.05

USGS-NWIS 7/24/1980 548 72.87 475.13

USGS-NWIS 1/23/1981 548 74.16 473.84

USGS-NWIS 10/1/1981 548 86.9 461.1

USGS-NWIS 4/15/1982 548 82.01 465.99

USGS-NWIS 1/27/1983 548 90.29 457.71

USGS-NWIS 7/31/1984 548 121.88 426.12

USGS-NWIS 2/27/1985 548 120.8 427.2

Township 4 South Range 17 East

USGS-NWIS 1/15/1932 500.00 22.50 477.50

USGS-NWIS 5/21/1952 500.00 21.00 479.00

USGS-NWIS 9/17/1954 500.00 21.20 478.80

USGS-NWIS 10/16/1956 500.00 21.40 478.60

USGS-NWIS 5/16/1957 500.00 21.60 478.40

USGS-NWIS 9/11/1959 500.00 21.90 478.10

USGS-NWIS 4/10/1961 500.00 21.82 478.18

USGS-NWIS 11/9/1961 500.00 22.40 477.60

USGS-NWIS 1/9/1962 500.00 22.20 477.80

USGS-NWIS 3/8/1962 500.00 22.14 477.86

USGS-NWIS 11/1/1962 500.00 22.41 477.59

USGS-NWIS 3/14/1963 500.00 22.22 477.78

USGS-NWIS 10/31/1963 500.00 22.31 477.69

USGS-NWIS 3/19/1964 500.00 22.41 477.59

USGS-NWIS 11/25/1964 500.00 22.40 477.60

USGS-NWIS 3/18/1965 500.00 22.51 477.49

USGS-NWIS 11/18/1965 500.00 22.30 477.70

USGS-NWIS 3/2/1966 500.00 22.50 477.50

USGS-NWIS 10/28/1966 500.00 22.74 477.26

USGS-NWIS 3/16/1967 500.00 22.55 477.45

USGS-NWIS 10/26/1967 500.00 22.95 477.05

USGS-NWIS 4/8/1968 500.00 22.80 477.20

USGS-NWIS 11/7/1968 500.00 22.71 477.29

USGS-NWIS 4/23/1969 500.00 25.02 474.98

USGS-NWIS 10/23/1969 500.00 24.72 475.28

USGS-NWIS 4/29/1970 500.00 23.15 476.85

USGS-NWIS 10/27/1970 500.00 23.55 476.45

USGS-NWIS 3/31/1971 500.00 23.57 476.43

USGS-NWIS 4/25/1979 500.00 23.88 476.12

USGS-NWIS 7/24/1980 500.00 24.40 475.60

USGS-NWIS 1/23/1981 500.00 24.52 475.48

USGS-NWIS 10/1/1981 500.00 25.23 474.77

USGS-NWIS 4/15/1982 500.00 26.69 473.31

USGS-NWIS 1/27/1983 500.00 25.01 474.99

USGS-NWIS 7/31/1984 500.00 25.31 474.69

USGS-NWIS 2/27/1985 500.00 25.42 474.58

USGS-NWIS 6/12/1985 500.00 25.65 474.35

Township 5 South Range 16 East

USGS-NWIS 4/9/1961 603.67 121.14 482.53

USGS-NWIS 4/20/1961 603.67 125.61 478.06

USGS-NWIS 6/10/1961 603.67 125.11 478.56

USGS-NWIS 6/11/1961 603.67 126.84 476.83

- -49 004S017E06C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 6/13/1961 603.67 127.20 476.47

USGS-NWIS 6/14/1961 603.67 125.52 478.15

USGS-NWIS 6/15/1961 603.67 128.09 475.58

USGS-NWIS 6/19/1961 603.67 129.19 474.48

USGS-NWIS 8/6/1961 603.67 126.93 476.74

USGS-NWIS 10/7/1961 603.67 124.14 479.53

USGS-NWIS 10/8/1961 603.67 124.10 479.57

USGS-NWIS 10/9/1961 603.67 124.93 478.74

USGS-NWIS 10/9/1961 603.67 124.90 478.77

USGS-NWIS 11/8/1961 603.67 126.70 476.97

USGS-NWIS 8/24/1962 603.67 126.70 476.97

USGS-NWIS 11/1/1962 603.67 139.70 463.97

USGS-NWIS 4/29/1970 603.67 128.13 475.54

USGS-NWIS 10/3/1991 603.67 194.37 409.3

USGS-NWIS 2/18/1992 603.67 189.10 414.57

USGS-NWIS 3/18/1992 603.67 189.85 413.82

USGS-NWIS 9/23/1992 603.67 188.42 415.25

USGS-NWIS 4/21/1993 603.67 183.00 420.67

USGS-NWIS 9/16/1993 603.67 182.34 421.33

USGS-NWIS 4/20/1994 603.67 179.16 424.51

USGS-NWIS 10/17/2000 556.81 90.00 466.81

USGS-NWIS 9/19/1952 598.00 108 490

ECEC, 20098
6/1/1980 598.00 118.00 480

ECEC, 20098
7/1/1980 598.00 128.00 470

ECEC, 20098
9/1/1980 598.00 133.00 465

ECEC, 20098
11/1/1980 598.00 138.00 460

ECEC, 20098
6/1/1981 598.00 158.00 440

ECEC, 20098
12/1/1981 598.00 168.00 430

ECEC, 20098
6/1/1983 598.00 208.00 390

ECEC, 20098
6/1/1984 598.00 228.00 370

ECEC, 20098
1/1/1986 598.00 248.00 350

ECEC, 20098
1/1/1987 598.00 248.00 350

USGS-NWIS 6/26/1990 598.00 212.86 385.14

USGS-NWIS 10/23/1990 598.00 207.83 390.17

USGS-NWIS 3/14/1991 598.00 199.29 398.71

USGS-NWIS 2/18/1992 598.00 188.38 409.62

- - 005S016E07P002S USGS-NWIS 10/18/2000 598.45 136.82 461.63 - -

- - 005S016E05F001S USGS-NWIS 10/17/2000 543.53 79.38 464.15 - -

USGS-NWIS 6/10/1999 544.79 81.00 463.79

USGS-NWIS 10/17/2000 544.79 79.62 465.17

USGS-NWIS 10/17/2000 544.79 79.62 465.17

Township 5 South Range 17 East

USGS-NWIS 4/6/1961 538 76.18 461.82

USGS-NWIS 4/20/1961 538 76.17 461.83

USGS-NWIS 5/1/1970 538 75.3 462.7

USGS-NWIS 2/12/1992 538 82.3 455.7

Township 6 South Range 17 East

USGS-NWIS 4/7/1961 566 189.85 376.15

USGS-NWIS 4/20/1961 566 189.98 376.02

Township 8 South Range 20 East

- -52 005S016E07M001S

- -53 005S016E07P001S

- -- - 005S016E05F002S

51 5S/17E-19Q1

- -50 006S017E03M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 2/14/1984 580.90 300 280.9

USGS-NWIS 9/28/1990 580.90 299.61 281.29

USGS-NWIS 2/9/1992 580.90 299.69 281.21

USGS-NWIS 3/30/2000 580.90 300.05 280.85

USGS-NWIS 1985-05 654.50 360 294.5

USGS-NWIS 9/28/1990 654.50 369.19 285.31

USGS-NWIS 2/10/1992 654.50 369.15 285.35

USGS-NWIS 3/30/2000 654.50 369.08 285.42

Notes:

1. - - = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey National Water Information System

5. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
6. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

7. ECEC, 2009. Eagle Mountain Pumped Storage Project, No. 1312, Exhibit E: Applicant Prepared Environmental Impact Statement:

Submitted to Federal Energy Regulatory Commission, June 22.

8. Data interpolated from hydrograph

008S020E09K001S

- -/Bouse Formation54 008S020E28N001S

Bouse Formation47
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

OBS-2 WorleyParons 6/17/2009 800 383 - - - - 5,000 2,300 11 Bouse Formation

6/5/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 5,600 7,8,9 Bouse Formation

7/9/2009 350 to 550 33 to -167 383 555 350 to 550 10,000 5,300 7,8,9 Bouse Formation

7/13/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 6,400 7,8,9 Bouse Formation

7/16/2009 350 to 550 33 to -167 383 555 350 to 550 8,900 4,700 7,8,9 Bouse Formation

1 DWR, 1963 5/19/1961 - - 889 - - - - 1,760 656 - - - -

Azca Drilling and Pump 4/20/2009 560 to 940 -62 to -442 498 957 560 to 940 910 - - - - Bouse Formation

WorleyParsons 9/3/2009 560 to 940 -62 to -442 498 957 560 to 940 970 - - - - Bouse Formation

5 DWR, 1963 10/10/1961 - - to 85.7 - - to 274.3 360 85.7 - - 5,730 1,770 1 Alluvium

DWR Well Records 6/25/1991 890 to 940 -498 to -548 392 982 890 to 940 2,400 - - 11 Fanglomerate

WorleyParsons 7/29/2009 - - - - to - - 392 450 - - 6,600
13

3,400
13 11 - -

200.00 390.2 526 - - 19,000
14 - - - - - -

500.00 390.2 526 - - 26,000
14 - - - - - -

16 WorleyParsons 9/16/2009 247.00 390 297 - - 3,100 - - - - Alluvium

DWR, 1963 1959 1,175 to 1,200 -814 to -839 361 1,200 1,175 to 1,200 2,150 986 12 Fanglomerate

WorleyParsons 9/17/2009 247 361 267 - - 20,000
14 - - 12 Fanglomerate

21 DWR, 1963 10/17/1917 - - - - - - - - 3,820 865 - - - -

23 USGS- NWIS, 2009 4/19/1979 - - 392.10 - - - - 2,350 950 - - - -

26 WorleyParsons 9/16/2009 760.00 562.58 952.00
410 to 630 750 to

770 810 to 870
1,100 - - - - Fanglomerate

27 DWR, 1963 10/10/1961 - - to 486.4 - - to 68.6 555 486.4 - - 2,210 718 5 - -/Bouse Formation

28 DWR, 1963 10/10/1961 - - to 779.4 - - to -259.4 520 779.4 - - 1,470 273 10 - -/Bouse Formation

29 WorelyParsons 9/16/2009 720 545.91 950

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

1,100 - - - - Bouse Formation

31 DWR, 1963 10/10/1961 - - to 242.2 - - to 181.69 423.89 242.2 - - 2,560 734 2 Alluvium

32 DWR, 1963 10/10/1961 - - to 315.7 - - to 102.3 418.00 315.7 - - 8,150 3,250 4 Alluvium

37
Engineering-Science,

1990
6/4/1990 750 to 1,050 -316.91 to -616.91 433.09 1,050 750 to 1,050 752 214 10,11

Bouse Formation/

Fanglomerate

275 433 1,222 540 2

315 433 1,081 480 2

335 433 1,128 510 4

355 433 1,175 420 4

375 433 1,222 540 5

395 433 1,340 540 6

415 433 1,387 450 7

435 433 1,340 600 8

58

38

18

158

118

-2

Sample Depth

(feet amsl)

9/16/2009
190.20

-109.80

-174.09

-417

- -

- -

143.00

98

78

TW-1 WorleyParons

3

14

15 WorelyParsons

17
114.00

-197.42

- -
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

455 433 1,551 510 9

475 433 1,586 720 9

495 433 2,244 1,170 9

515 433 1,974 450 9

535 433 4,028 1,500 9

575 433 2,362 960 9

615 433 1,281 600 10

635 433 893 330 10

655 433 787 270 10

675 433 776 270 10

695 433 705 240 10

735 433 599 330 10

755 433 682 240 10

775 433 646 240 10

795 433 752 270 10

815 433 752 270 10

275 to 815 158 to -382 433 1,313 519
Bouse Formation

Average

835 433 717 270 11

855 433 670 240 11

875 433 729 240 11

895 433 705 240 11

915 433 693 270 11

935 433 729 300 11

955 433 752 300 11

975 433 740 270 11

995 433 705 270 11

1,015 433 747 270 11

835 to 1,015 -402 to -582 433 719 267
Fanglomerate

Average

39

CH2M Hill and Boyle

Engineering,1995/

DWR, 1963

1/1986 (TDS)

6/12/1961

(Chloride)

853 to 1,083 -410.06 to -640.06 442.94 1,139 853 to 1,083 786 216 11 Fanglomerate

42

CH2M Hill and Boyle

Engineering,1995/

Woodward-Clyde

Consultants, 1986

5/1988 (TDS)

8/24/83 (Chloride)
738 to 1,100 -268.00 to -630.00 470.00 1,100 738 to 1,100 765 199 10,11

Bouse Formation/

Fanglomerate

43
Kennedy/Jenks/Chilton,

1986
Jan-86 510 to 780 -4.40 to -274.40 505.60 830

510 to 600 and 680

to 780
1,150 460 9,10 Bouse Formation

Kennedy/Jenks/Chilton,

1986
Jan-86 500 to 850 121 to -229 621 1,350 520

2,3,4,5,6,7,8

,9,10

795 to 815 and 995

to 1,015
38

11 Woodward-Clyde

Consultants, 1986
6/20/1986 1,040

-22

-82

-102

-142

-182

-202

-42

-62

-222

-242

-262

-302

-322

-342

-362

-482

-502

-522

-382

-402

-422

-442

Bouse Formation

Fanglomerate

-542

-562

-582

-462
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

Woodward-Clyde

Consultants, 1986
1/4/1984 490 621 2,090 550 2

Woodward-Clyde

Consultants, 1986
1/5/1984 590 621 1,740 586 7

Woodward-Clyde

Consultants, 1986
2/7/1984 850 621 1,380 570 10

50 DWR, 1963 1959 - - to 818 - - to -252 566 818 -- -- 131 10 - -/Bouse Formation

Notes:

1. -- = information not available or not applicable

2. amsl = above mean sea level

3. bgs = below ground surface

4. TDS = total dissolved solids

5. mg/L = milligrams per liter

6. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7

7. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

8. CH2M Hill and Boyle Engineering, 1995. Technical Memorandum, Water Treatment Plant Evaluation - Phase I. Dated March 30

9. Woodward-Clyde Consultants, 1986. Final Report, Groundwater Quality Investigation, Wiley Well Area. Dated March 13.

10. Engineering Science, 1990. Water and Wastewater Facilities Engineering Study, California State Prison - Chuckawalla Valley. Dated September.

11. The TDS concentrations for well 38 were calculated based on electrical conductivity values and a conversion factor (TDS = EC x 0.47) reported by Woodward-Clyde Consultants, 1986

12. USGS-NWIS, 2009. United States Geological Survey - National Water Information System (USGS-NWIS) database. http://nwis.waterdata.usgs.gov/usa/nwis/qwdata

13. The sample collected from well 14 on 7/29/09 is from an unknown interval. This well has been reportedly re-constructed at a shallower depth. As such, the sample result is considered unreliable.

14. Water sample result is anomalous and may be indicative of a sample not collected from the screened interval or from static water inside a collapsed well.

500 to 580, 620 to

640, 710 to 850
87247

31

-229

Bouse Formation

131
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Sample Collection Date 6/5/2009 7/9/2009 7/13/2009 7/16/2009 6/17/2009

Sample Depth (feet bgs) Whole Well Whole Well Whole Well Whole Well 800

EPA Method 120.1 / SM2510B / SW9050A

Specific Conductance (at 25°C) µS/cm 19,000 19,000 18,000 18,000 8,800

EPA Method 150.2 / SM4500HB / SW9040C

pH pH Units 7.9 7.9 7.9 7.8 7.8

pH - Temperature °C 23 19 20 19 21

EPA Method 300.0 / 9056

Chloride mg/L 5,600 5,300 6,400 4,700 2,300

Fluoride mg/L 4.6 6.2 4.6 4.7 1.1

Nitrate (NO3) - N mg/L <0.25 -- -- <0.25 0.5

Nitrite (NO2) - N mg/L <0.63 <0.25 0.28 <0.50 <0.25

Sulfate as SO4 mg/L 1,500 1,400 1,800 1,200 810

EPA Method 335.2

Total Cyanide mg/L -- -- -- <0.005 --

EPA Method 365.3 / SM4500PE

Total Phosphorus mg/L -- -- -- <0.10 --

EPA Method SW6020 / SW6020A

Antimony mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Arsenic mg/L 0.024 0.023 0.027 -- 0.0092

Barium mg/L 0.03 0.028 0.027 0.028 0.033

Beryllium mg/L <0.004 <0.004 <0.004 <0.004 <0.004

Cadmium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Calcium mg/L 160 -- -- -- <0.50

Chromium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Cobalt mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Copper mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Iron mg/L 1.4 -- -- -- 0.46

Lead mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Lithium mg/L -- -- -- 1.4 --

Magnesium mg/L 38 -- -- -- --

Manganese mg/L 0.065 -- -- -- 0.029

Mercury mg/L <0.001 <0.001 <0.001 <0.001 <0.001

Molybdenum mg/L 0.44 0.43 0.4 0.37 0.24

Nickel mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Potassium mg/L 30 27 24 25 12

Selenium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Silica mg/L -- -- -- 22 19

Silver mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Sodium mg/L 4,500 4,000 3,600 3,600 1,500

Thallium mg/L <0.002 <0.002 <0.002 <0.002 <0.002

Vanadium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Zinc mg/L <0.10 <0.10 <0.10 <0.10 <0.10

EPA Method 200.8

Dissolved Silica mg/L -- -- -- 20 15

SM2320B

Bicarbonate Alkalinity (As CaCO3) mg/L -- -- -- 96 --

Carbonate Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Hydroxide Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Total Alkalinity (As CaCO3 at pH 4.5) mg/L 97 83 81 96 150

SM2340B

Calcium mg/L -- -- -- -- 66

Total Hardness (calc as CaCO3) mg/L 570 540 490 500 220
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Magnesium mg/L -- -- -- -- 14

SM2540C

Total Dissolved Solids mg/L 9,500 10,000 9,500 8,900 5,000

SM4500-S D

Sulfide mg/L -- -- -- <0.10 --

Notes:

1. bgs = below ground surface

2. <0.10 = not detected above the noted laboratory reporting limit

3. EPA = United States Environmental Protection Agency

4. µS/cm - microsiemens per centimeter

5. mg/L = milligrams per liter

6. °C = celsius

7. - - = not analyzed
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

OBS-1 - - Shallow Observatoin Well Genesis Solar, LLC 5/9/2009 Monitoring Well 5 883 155 100 to 150 Alluvium

OBS-2-270
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 270 265 to 275 Bouse Formation

OBS-2-315
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 315 304 to 327 Bouse Formation

OBS-2-370
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 370 359 to 374 Bouse Formation

OBS-2-400 5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 400 387 to 418 Bouse Formation

TW-1 - - Test Well Genesis Solar, LLC 5/22/2009 Monitoring Well 5 883 555 340 to 564 Bouse Formation

1 5S/20E-16M1 McCoy Spring and DWR-17 -- - - Unused - - 889 - - - - --

2 6S/18E-36E1 - -
CA Jojoba Research

and Development
12/18/1981 Irrigation 10 to 6 424 940

250 to 290 770 to

810

Alluvium/Bouse

Formation

3 6S/18E-29 Siddall Well Agra Energy Corp. 2/26/1982 Irrigation 20 to 8 498 957 560 to 940 Bouse Formation

4 6S/19E-19J1 - - -- - - Unused 12 354 - - - - - -

5 6S/19E-25P1 - - -- - - Unused 10 360 85.7 - - Alluvium

6 6S/19E-25R1 -- -- - - Destroyed 10 360 61.9 - - Alluvium

7 6S/19E-25 NOS 1A, 1B, 1C USGS -- Exploratory Borehole -- 358 -- -- --

8 6S/19E-26Z1 - - -- - - Destroyed - - - - - - - - - -

9 6S/19E-28R1 - - -- - - Unused - - 354 - - - - - -

10 6S/19E-29E1 - - -- - - Destroyed/ Collapsed 6 377 - -/19.7 6 - - - -

11 6S/19E-30H1 - - -- - - Destroyed 6 370 28.7 - - Alluvium

12 6S/19E-31Z1 - - -- - - Destroyed - - - - - - - - - -

13 6S/19E-32 - - Jacado Agri Corp. 6/27/1982 Destroyed 7 22 to 18 to 12 392 732
307 to 327 365 to

732
Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

14 6S/19E-32 - - Lorne Froats 5/1/1991
Domestic/ Irrigation/

Dust Control
12 to 10 392 982/450

6 890 to 940 Fanglomerate

15 6S/19E-32K1 - - - - -- 12.5 390.2 --/526
6 - - Bouse Formation

16 6S/19E-32K2 - - - - - - 10.5 390 --/297
6 - - Bouse Formation

17 6S/19E-33A1
Hopkins Well and DWR-

33X1
-- 1911 Destroyed 12 to 8 361 1200/267 6 1,175 to 1,200 Fanglomerate

18 6S/19E-34 -- So Cal Gas 4/29/1989 Anode 1 368 400 200 to 400
Alluvium/Bouse

Formation

19 6S/19E-34 -- So Cal Gas 7/15/1981 Other -- 369 274 0 to 274
Alluvium/Bouse

Formation

20 6S/19E-36A1 - - -- - - Destroyed 10 365 64.8 - - Alluvium

21 6S/20E-30Z1 Ford Well -- - - Stock; Destroyed 10 - - - - - - - -

22 6S/20E-33L1 - - -- - - Destroyed7 - - 387.60 1,197 - - Bouse Formation

23 6S/20E-33C1 - - -- - - Monitoring 10 392.10 400.00 - - Bouse Formation

24 6S/20E-33 -- Sol Cal Gas 4/29/1989 Andoe 1 397.00 435 235 to 435
Alluvium/Bouse

Formation

25 6S/20E-33 -- Sol Cal Gas 7/20/1981 Other -- 397 278 0 to 278
Alluvium/Bouse

Formation

26 7S/18E-14F1 - -
U.S. AgriResearch

and Development
12/26/1982 Irrigation 16 to 10 562.58 1,000/952 6 410 to 630 750 to

770 810 to 870

Alluvium/Bouse

Formation

27 7S/18E-11N1 - - -- - - Unused 16 555 486.4 - - Bouse Formation

28 7S/18E-11R1 - - -- - - Unused 16 520 779.4 - - Bouse Formation

29 7S/18E-14H1 - -
U.S. AgriResearch

and Development
1/16/1983 Irrigation 10 545.91 985/950 6

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

30 7S/18E-14H1 - - -- - - Destroyed 6 546 123.9 - - Alluvium

31 7S/19E-4R1 Teaque Well -- - - Unused 12 423.89 242.2 - - Alluvium

32 7S/20E-4R1 Vada McBride -- - - Unused 16 418.00 315.7 - - Bouse Formation

33 7S/20E-16M1 - -
CA Department of

Corrections
- - - - 30 to 16 456.02 1,200 690 to 1190

Bouse Formation/

Fanglomerate

34 7S/20E-17L1 WP-4
CA Department of

Corrections
9/8/1992 Public Water Supply 24 458.30 1,200 690 to 1190

Bouse Formation/

Fanglomerate

35 7S/20E-17K1 - -
CA Department of

Corrections
12/20/1989 - - 30 to 16 456.48 1,200 690 to 1190

Bouse Formation/

Fanglomerate

36 7S/20E-17G1 - -
CA Department of

Corrections
12/30/1987 Industrial 30 to 16 to 10 443.54 1,200 690 to 1190

Bouse Formation/

Fanglomerate

37 7S/20E-17C1 78 -- 1981 Irrigation 14 to 10 433.09 1,050 750 to 1,050
Bouse Formation/

Fanglomerate

38 7/20E-17C2 observation well 1
CA Department of

Corrections
6/20/1986 Monitoring 1 1/4 433 1,040

795 to 815 and 995

to 1,015

Bouse Formation/

Fanglomerate

39 7S/20E-18H1
59/observation well 2/Vada

McBride
-- 1959 Irrigation 15 to 12 442.94 1,139 853 to 1,083

Bouse Formation/

Fanglomerate

40 7S/20E-18K1 WP-6
CA Department of

Corrections
11/4/1992 Public Water Supply 15 to 10 449.40 1,200 690 to 1,200

Bouse Formation/

Fanglomerate

41 7S/20E-18R1 WP-5
CA Department of

Corrections
10/24/1992 Public Water Supply 13.5 to 10 453.60 1,160 - - Fanglomerate

42 7S/20E-20B1 79/observation well 3 -- 6/4/1905 Irrigation 16 to 12 470.00 1,100 738 to 1,100
Bouse Formation/

Fanglomerate

43 7S/20E-28C1 7S/20E-28F1/80 Jojoba Inc. 3/15/1982 Irrigation 10 to 8 505.60 830
510 to 600 and 680

to 780
Bouse Formation

Page 3 of 4



Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

44 7S/20E-28C2 - - Jojoba Southwest 11/30/1989 Irrigation 16 to 12 505.30 1,100 700 to 1,100
Bouse Formation/

Fanglomerate

45 7S/20E-28 --

Chuckawalla Jojoba

inc Great American

Securities

6/6/1989 Test Hole/Abandoned -- 505 825 -- --

46 7S/20E-27L1 - - -- - - Destyroyed 8 517.00 53.6 - - Alluvium

47 8S/20E-10N2 60 -- 1984 -- 4 621 872
500 to 580, 620 to

640, 710 to 850
Bouse Formation

48 4S/16E-32M1 -- -- -- -- -- 548 -- -- --

49 4/S17E-6C1 -- -- -- -- -- 500 -- -- --

50 6S/17E-3M1 -- -- -- -- -- 566 818 -- Bouse Formation

51 5S/17E19Q1 -- -- -- -- -- 538 760 -- --

52 5S/16E-7M1 -- -- -- -- -- 603.67 648 -- --

53 5S/16E-7P1 -- -- -- -- -- 598 347 -- --

54 8S/20E-28N1 -- -- -- -- -- 654.5 500 -- Bouse Formation

Notes:

1. -- = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey - National Water Information System (USGS-NWIS) website at http://nwis.waterdata.usgs.gov/ca/nwis/gwlevels

5. Nested pressure transducer buried in place.

6. 1,000/952 = reported well depth/measured well depth. Well depth was measured by WorleyParsons or Azca Drilling.

7. Well could not be located by WorleyParsons. Presumed destroyed.

8. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
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Table 5-1 - Groundwater Demand from Cumulative Planned and Reasonably Foreseeable Projects

Project Construction Operation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 to 2043 Source Remarks
Projects in Western Chuckwalla Valley Groundwater Basin
Chuckwalla Solar I
(CACA048808)

20 40 0 20 20 20 40 40 40 40 40 40 BLM, 2009a;
CEC, 2009

SF-299 Filed. NOI issued. Construction 2011 to 2013

Palen Solar Power Project
(CACA048810)

436 300 0 426 426 436 300 300 300 300 300 300 AECOM, 2009 SF-299 Filed. NOI issued. AFC Filed. Construction 2011 to
2013

enXco Eagle Mountain Solel
(CACA049491)

-- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

enXco Desert Lili (CACA049492) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated. Not on BLM's list of active projects as of Sep-09.

Solel Desert Lili (CACA049494) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

First Solar Desert Sunlight
(CACA048649)

27 3.8 27 27 27 3.8 3.8 3.8 3.8 3.8 3.8 CEC, 2009;
BLM, 2009b

SF-299 Filed. NOI imminent. 3 year construction period.
Assume 2011 construction start.

enXco (CACA049489) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Solel (CACA049493) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Eagle Crest Pumped Storage
Startup

2,380 to 8,066 1,628 0 0 308 308 8,066 8,066 8,066 8,066 2,380 1,763 Eagle Crest,
2009

Groundwater demand during construction is 308 AFY; during
reservoir filling is 8,066 AFY 2014 to 2017; 2,380 AFY 2018

Total Sub-Basin Groundwater Demand 2.0 477.0 783.0 793.3 8,410.1 8,409.8 8,409.8 8,409.8 2,723.8 2,106.8

Projects in Eastern Chuckwalla Valley Groundwater Basin
Genesis Solar Energy Project 616 to 1,368 1,644 1,368 616 616 1,644 1,644 1,644 1,644 1,644 1,644

enXco Mule Mountain Solel
(CACA049488)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Bullfrog Mule Mountain
(CACA049097)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

Formerly Altera; SF-299 Filed, but neither CEQA or NEPA
process has been initiated.

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Total Sub-Basin Groundwater Demand 2.0 1,372.0 618.0 618.3 1,644.3 1,644.0 1,644.0 1,644.0 1,644.0 1,644.0
Notes:

-- No data. Project does not meet criteria for consideration in cumulative impact analysis for groundwater resources.

Annual Water Demand (AFY) Cumulative Future Water Demand for Planned and Reasonably Forseeable Projects

Note that the water demand numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle

Crest project (GEI, 2009). This adjustment has not substantively changed our findings or conclusions.
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Table 5-2: Cumulative Water Budget Forecast

Year

Subsurface

Inflow 3

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Palen Lake

Evapo-

transpiration

Increased

Outflow to

Eastern

Basin

Annual

Water

Budget

Cumulative

Water Budget

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Increased

Inflow from

Western

Basin

Outflow to

PVMB

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Annual

Water

Budget

Cumulative

Water

Budget

Basin

Annual

Water

Budget

Basin

Cumulative

Water Budget

2009 3,500 4,680 750 36 7,756 0 0 350 0 860 860 4,760 50 795 0 400 2,607 -- -- 2,598 2,598 3,458 3,458

2010 3,500 4,680 750 36 7,756 2 0 350 0 858 1,718 4,760 50 795 0 400 2005 4 2 0 5,203 7,801 6,061 9,519

2011 3,500 4,680 750 36 7,756 477 0 350 0 383 2,101 4,760 50 795 0 400 2,005 1372 0 1,828 9,629 2,211 11,730

2012 3,500 4,680 750 36 7,756 783 0 350 0 77 2,178 4,760 50 795 0 400 2,005 618 0 2,582 12,211 2,659 14,389

2013 3,500 4,680 750 36 7,756 793.3 0 350 0.1 67 2,245 4,760 50 795 0.1 400 2,005 618.3 0 2,582 14,793 2,648 17,037

2014 3,500 4,680 750 36 7,756 8,066.30 344 350 0.3 -7,550 -5,306 4,760 50 795 0.3 390 2,005 0.3 1,644 1,566 16,359 -5,984 11,053

2015 3,500 4,680 750 36 7,756 8,066 344 350 2 -7,552 -12,858 4,760 50 795 2 376 2,005 0 1,644 1,582 17,941 -5,970 5,083

2016 3,500 4,680 750 36 7,756 8,066 344 350 4 -7,554 -20,411 4,760 50 795 4 364 2,005 0 1,644 1,596 19,537 -5,958 -875

2017 3,500 4,680 750 36 7,756 8,066 344 350 7 -7,557 -27,968 4,760 50 795 7 351 2,005 0 1,644 1,612 21,149 -5,945 -6,819

2018 3,500 4,680 750 36 7,756 2,380 344 350 10 -1,874 -29,842 4,760 50 795 10 336.5 2,005 0 1,644 1,630 22,778 -244 -7,064

2019 3,500 4,680 750 36 7,756 0 2,107 350 13.5 -1,260 -31,102 4,760 50 795 13.5 324 2,005 0 1,644 1,646 24,424 385 -6,678

2020 3,500 4,680 750 36 7,756 0 2,107 350 16.5 -1,263 -32,366 4,760 50 795 16.5 311 2,005 0 1,644 1,662 26,085 398 -6,280

2021 3,500 4,680 750 36 7,756 0 2,107 350 20 -1,267 -33,632 4,760 50 795 20 298.5 2,005 0 1,644 1,678 27,763 411 -5,870

2022 3,500 4,680 750 36 7,756 0 2,107 350 25 -1,272 -34,904 4,760 50 795 25 288 2,005 0 1,644 1,693 29,456 421 -5,448

2023 3,500 4,680 750 36 7,756 0 2,107 350 30 -1,277 -36,181 4,760 50 795 30 275 2,005 0 1,644 1,711 31,167 434 -5,014

2024 3,500 4,680 750 36 7,756 0 2,107 350 35 -1,282 -37,463 4,760 50 795 35 263.5 2,005 0 1,644 1,728 32,894 446 -4,569

2025 3,500 4,680 750 36 7,756 0 2,107 350 41 -1,288 -38,751 4,760 50 795 41 251.5 2,005 0 1,644 1,746 34,640 458 -4,111

2026 3,500 4,680 750 36 7,756 0 2,107 350 46.5 -1,293 -40,044 4,760 50 795 46.5 241 2,005 0 1,644 1,762 36,401 468 -3,643

2027 3,500 4,680 750 36 7,756 0 2,107 350 52 -1,299 -41,343 4,760 50 795 52 230.5 2,005 0 1,644 1,778 38,179 479 -3,164

2028 3,500 4,680 750 36 7,756 0 2,107 350 59 -1,306 -42,649 4,760 50 795 59 220 2,005 0 1,644 1,795 39,974 489 -2,675

2029 3,500 4,680 750 36 7,756 0 2,107 350 65.5 -1,312 -43,961 4,760 50 795 65.5 210 2,005 0 1,644 1,812 41,785 499 -2,176

2030 3,500 4,680 750 36 7,756 0 2,107 350 72 -1,319 -45,280 4,760 50 795 72 200 2,005 0 1,644 1,828 43,613 509 -1,666

2031 3,500 4,680 750 36 7,756 0 2,107 350 80 -1,327 -46,606 4,760 50 795 80 188.5 2,005 0 1,644 1,848 45,461 521 -1,146

2032 3,500 4,680 750 36 7,756 0 2,107 350 88.5 -1,335 -47,942 4,760 50 795 88.5 177.5 2,005 0 1,644 1,867 47,328 532 -614

2033 3,500 4,680 750 36 7,756 0 2,107 350 97.5 -1,344 -49,286 4,760 50 795 97.5 167 2,005 0 1,644 1,887 49,214 542 -72

2034 3,500 4,680 750 36 7,756 0 2,107 350 105.5 -1,352 -50,638 4,760 50 795 105.5 158.5 2,005 0 1,644 1,903 51,117 551 479

2035 3,500 4,680 750 36 7,756 0 2,107 350 114 -1,361 -51,999 4,760 50 795 114 150 2,005 0 1,644 1,920 53,037 559 1,038

2036 3,500 4,680 750 36 7,756 0 2,107 350 124.5 -1,371 -53,370 4,760 50 795 124.5 140 2,005 0 1,644 1,941 54,978 569 1,607

2037 3,500 4,680 750 36 7,756 0 2,107 350 134.5 -1,381 -54,752 4,760 50 795 134.5 130 2,005 0 1,644 1,961 56,938 579 2,187

2038 3,500 4,680 750 36 7,756 0 2,107 350 144.5 -1,391 -56,143 4,760 50 795 144.5 121.5 2,005 0 1,644 1,979 58,917 588 2,774

2039 3,500 4,680 750 36 7,756 0 2,107 350 155 -1,402 -57,545 4,760 50 795 155 112 2,005 0 1,644 1,999 60,916 597 3,371

2040 3,500 4,680 750 36 7,756 0 2,107 350 165 -1,412 -58,957 4,760 50 795 165 105 2,005 0 1,644 2,016 62,932 604 3,976

2041 3,500 4,680 750 36 7,756 0 2,107 350 176 -1,423 -60,379 4,760 50 795 176 97.5 2,005 0 1,644 2,035 64,967 612 4,587

2042 3,500 4,680 750 36 7,756 0 2,107 350 187 -1,434 -61,813 4,760 50 795 187 90 2,005 0 1,644 2,053 67,020 619 5,207

2043 3,500 4,680 750 36 7,756 0 2,107 350 200 -1,447 -63,260 4,760 50 795 200 81 2,005 0 1,644 2,075 69,095 628 5,835

Notes:

1.

2.

3. For details, see Section 3.7.4

4.

Chuckwalla Valley

Groundwater Basin

Water BudgetInflow (AFY) Outflow (AFY)

Sub-Basin Water

Budget (AFY) Inflow Outflow

Sub-Basin Water

Budget

Western Chuckwalla Valley Groundwater Basin 1 Eastern Chuckwalla Groundwater Basin 2

Note that the water budget numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle Crest

project (GEI, 2009)and a minor adjustment of the model. This adjustment has not substantively changed our findings or conclusions.

Eastern Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Ford Detailed Analysis Unit

Reflects decreased prison water demand starting in 2010 due to water conservation and population reduction (Eagle Crest, 2009; Lanahan, 2009).

Western Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Palen Detailed Analysis Unit
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

Township 6 South Range 18 East
OBS-1 - - WorleyParsons 5/25/2009 383 76.77 306.23 Alluvium

OBS-2-270 - - WorleyParsons 7/9/2009 383 78.75 304.25 Bouse Formation
OBS-2-315 - - WorleyParsons 7/9/2009 383 80.89 302.11 Bouse Formation
OBS-2-370 - - WorleyParsons 7/9/2009 383 82.46 300.54 Bouse Formation
OBS-2-400 - - WorleyParsons 7/9/2009 383 85.76 297.24 Bouse Formation

TW-1 - - WorleyParsons 5/23/2009 383 86.26 296.74 Bouse Formation

2 6S/18E-36E1 DWR, 1963 5/19/1961 424 140 284
Alluvium/Bouse

Formation

3 6S/18E-36E1
DWR Well

Records
2/26/1982 498 180 318 Bouse Formation

Township 6 South Range 19 East

4 6S/19E-19J1 DWR, 1963 7/24/1961 354 60.05 293.95 - -

6 6S/19E-25R1 DWR, 1963 9/20/1961

USGS-NWIS 9/16/1990 354 81.36 272.64

USGS-NWIS 9/24/1990 354 81.56 272.44

USGS-NWIS 2/13/1992 354 81.2 272.8

13 6S/19E-32
DWR Well

Records
6/27/1982 392 200 192 Bouse Formation

14 6S/19E-32
DWR Well

Records
5/1/1991 392 109.71 282.29 Fanglomerate

15 006S019E32K001S USGS-NWIS 2/17/1992 390.2 104.36 285.84

USGS-NWIS 3/15/2000 390.2 97.36 292.84

WorleyParsons 9/23/2009 390.2 97 293.2

16 006S019E32K002S USGS-NWIS 2/17/1992 390 110.39 279.61

WorleyParsons 9/23/2009 390 103 287

17 6S/19E-33A1 DWR, 1963 3/25/1917 361 70.8 290.2 Fanglomerate

Township 6 South Range 20 East

22 006S020E33L001S USGS-NWIS 2/4/2002 387.60 125.29 262.31 - -/Bouse Formation

USGS-NWIS 9/26/1990 392.10 134.10 258

USGS-NWIS 2/10/1992 392.10 134.8 257.3

Township 7 South Range 18 East

USGS-NWIS 12/26/1982 562.58 300 262.58

USGS-NWIS 2/13/1992 562.58 270.28 292.3

USGS-NWIS 3/15/2000 562.58 269.85 292.73

WorleyParsons 9/23/2009 562.58 282 280.58

27 7S/18E-11N1 DWR, 1963 6/19/1961 555.00 258.83 296.17 - -/Bouse Formation

28 7S/18E-11R1 DWR, 1963 6/19/1961 520.00 21.65 498.35 - -/Bouse Formation

USGS-NWIS 1/16/1983 545.91 270 275.91

USGS-NWIS 2/13/1992 545.91 257.61 288.3

USGS-NWIS 3/15/2000 545.91 257.22 288.69

WorleyParsons 9/23/2009 545.91 250 295.91

Township 7 South Range 19 East

USGS-NWIS 9/16/1990 423.89 144.25 279.64

USGS-NWIS 3/29/2000 423.89 144.41 279.48

Township 7 South Range 20 East

USGS-NWIS 6/12/1961 418 151.83 266.17

USGS-NWIS 10/10/1961 418 151.09 266.91

USGS-NWIS 11/8/1961 418 151.03 266.97

USGS-NWIS 1/10/1962 418 151.04 266.96

USGS-NWIS 3/8/1962 418 150.89 267.11

Alluvium/Bouse

Formation

- -

- -/Bouse Formation

- -/Bouse Formation

- -

Bouse Formation

Alluvium

007S018E14H001S29

007S018E14F001S26

23 006S020E33C001S

9 006S019E28R001S

31 007S019E04R001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/9/1962 418 150.73 267.27

USGS-NWIS 5/7/1962 418 150.83 267.17

USGS-NWIS 10/31/1962 418 150.9 267.1

USGS-NWIS 3/13/1963 418 150.84 267.16

USGS-NWIS 10/31/1963 418 150.91 267.09

USGS-NWIS 3/19/1964 418 150.77 267.23

USGS-NWIS 11/25/1964 418 151.13 266.87

USGS-NWIS 3/18/1965 418 151.21 266.79

USGS-NWIS 11/18/1965 418 151.4 266.6

USGS-NWIS 3/2/1966 418 150.66 267.34

USGS-NWIS 10/27/1966 418 150.89 267.11

USGS-NWIS 3/16/1967 418 150.92 267.08

USGS-NWIS 10/25/1967 418 150.86 267.14

USGS-NWIS 10/23/1969 418 150.89 267.11

USGS-NWIS 4/30/1970 418 150.95 267.05

USGS-NWIS 1/1/1987 456.02 202.25 253.77

USGS-NWIS 9/17/1990 456.02 205.62 250.40

USGS-NWIS 2/10/1992 456.02 206.70 249.32

USGS-NWIS 2/11/1992 456.02 206.27 249.75

34 007S020E17L001S USGS-NWIS 10/8/1992 458.30 213 245.3
Bouse Formation/

Fanglomerate

USGS-NWIS 12/1/1987 456.48 205 251.48

USGS-NWIS 2/10/1992 456.48 200.5 255.98

USGS-NWIS 2/11/1992 456.48 199.07 257.41

USGS-NWIS 12/1/1987 443.54 203 240.54

USGS-NWIS 9/17/1990 443.54 189.05 254.49

USGS-NWIS 2/10/1992 443.54 187.7 255.84

USGS-NWIS 2/10/1992 443.54 186.2 257.34

USGS-NWIS 3/16/2000 443.54 199.24 244.3

Kennedy/Jenks/C

hilton, 1986
7/1/1981 433.09 163 270.09

USGS-NWIS 2/11/1992 433.09 174.47 258.62

USGS-NWIS 4/5/1961 442.94 168.37 274.57

USGS-NWIS 4/30/1970 442.94 171.81 271.13

USGS-NWIS 7/31/1979 442.94 173.48 269.46

USGS-NWIS 7/24/1980 442.94 169.06 273.88

USGS-NWIS 1/23/1981 442.94 169.22 273.72

USGS-NWIS 9/23/1981 442.94 169.23 273.71

USGS-NWIS 3/3/1982 442.94 170.26 272.68

USGS-NWIS 1/28/1983 442.94 170.54 272.4

USGS-NWIS 7/31/1984 442.94 170.65 272.29

USGS-NWIS 2/27/1985 442.94 171.1 271.84

USGS-NWIS 6/12/1985 442.94 172.9 270.04

USGS-NWIS 2/9/1992 442.94 183.46 259.48

40 007S020E18K001S USGS-NWIS 10/30/1992 449.40 193 256.4
Bouse Formation/

Fanglomerate

41 007S020E18R001S USGS-NWIS 10/19/1992 453.60 202 251.6 Fanglomerate

42 7S/29E-18R1
Kennedy/Jenks/C

hilton, 1986
1/1/1982 470.00 197 273

Bouse Formation/

Fanglomerate

USGS-NWIS 3/15/1982 505.60 248 257.6

USGS-NWIS 2/13/1992 505.60 232.35 273.25

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

Bouse Formation/

Fanglomerate

- -/Bouse Formation32 07S20E04R001S

33 007S020E16M001S

35 7S/20E-17K1

36 007S020E17G001S

39 007S020E18H001S

37 007S020E17C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 3/29/2000 505.60 234.5 271.1

USGS-NWIS 10/5/2000 505.60 234.84 270.76

USGS-NWIS 1/10/2001 505.60 234.89 270.71

USGS-NWIS 2/23/2001 505.60 234.45 271.15

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 4/16/2001 505.60 234.82 270.78

USGS-NWIS 7/10/2001 505.60 235.4 270.2

USGS-NWIS 11/7/2001 505.60 235.66 269.94

USGS-NWIS 11/7/2001 505.60 235.69 269.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 4/3/2002 505.60 234.69 270.91

USGS-NWIS 10/2/2002 505.60 236.16 269.44

USGS-NWIS 10/2/2002 505.60 236.04 269.56

USGS-NWIS 6/3/2003 505.60 235.59 270.01

USGS-NWIS 6/3/2003 505.60 235.61 269.99

USGS-NWIS 11/5/2003 505.60 236.46 269.14

USGS-NWIS 11/5/2003 505.60 236.45 269.15

USGS-NWIS 3/2/2004 505.60 235.63 269.97

USGS-NWIS 3/2/2004 505.60 235.65 269.95

USGS-NWIS 8/4/2004 505.60 236.18 269.42

USGS-NWIS 12/8/2004 505.60 236.11 269.49

USGS-NWIS 4/15/2005 505.60 235.61 269.99

USGS-NWIS 8/31/2005 505.60 236.17 269.43

USGS-NWIS 2/14/2006 505.60 236.12 269.48

USGS-NWIS 5/5/2006 505.60 269.22 236.38

USGS-NWIS 8/10/2006 505.60 268.94 236.66

USGS-NWIS 12/8/2006 505.60 269.03 236.57

USGS-NWIS 2/7/2007 505.60 269.44 236.16

USGS-NWIS 5/17/2007 505.60 269.05 236.55

USGS-NWIS 9/5/2007 505.60 268.69 236.91

USGS-NWIS 12/13/2007 505.60 269.05 236.55

USGS-NWIS 3/19/2008 505.60 269.95 235.65

USGS-NWIS 6/25/2008 505.60 269.98 235.62

USGS-NWIS 9/24/2008 505.60 269.87 235.73

USGS-NWIS 1/14/2009 505.60 270.35 235.25

USGS-NWIS 4/16/2009 505.60 270.32 235.28

44 007S020E28C002S USGS-NWIS 11/29/1989 505.30 234 271.3
Bouse Formation/

Fanglomerate

Township 4 South Range 16 East

USGS-NWIS 4/10/1961 548 71.41 476.59

USGS-NWIS 4/21/1961 548 71.61 476.39

USGS-NWIS 6/10/1961 548 71.43 476.57

USGS-NWIS 6/14/1961 548 73.46 474.54

USGS-NWIS 2/7/1962 548 69.32 478.68

USGS-NWIS 3/8/1962 548 70.29 477.71

USGS-NWIS 4/9/1962 548 72.45 475.55

USGS-NWIS 5/7/1962 548 73.82 474.18

USGS-NWIS 8/24/1962 548 79.95 468.05

USGS-NWIS 9/27/1962 548 79.57 468.43

USGS-NWIS 11/1/1962 548 77.17 470.83

USGS-NWIS 5/1/1970 548 77.25 470.75

Bouse Formation43 007S020E28C001S

- -48 04S16E32M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 4/19/1979 548 66.95 481.05

USGS-NWIS 7/24/1980 548 72.87 475.13

USGS-NWIS 1/23/1981 548 74.16 473.84

USGS-NWIS 10/1/1981 548 86.9 461.1

USGS-NWIS 4/15/1982 548 82.01 465.99

USGS-NWIS 1/27/1983 548 90.29 457.71

USGS-NWIS 7/31/1984 548 121.88 426.12

USGS-NWIS 2/27/1985 548 120.8 427.2

Township 4 South Range 17 East

USGS-NWIS 1/15/1932 500.00 22.50 477.50

USGS-NWIS 5/21/1952 500.00 21.00 479.00

USGS-NWIS 9/17/1954 500.00 21.20 478.80

USGS-NWIS 10/16/1956 500.00 21.40 478.60

USGS-NWIS 5/16/1957 500.00 21.60 478.40

USGS-NWIS 9/11/1959 500.00 21.90 478.10

USGS-NWIS 4/10/1961 500.00 21.82 478.18

USGS-NWIS 11/9/1961 500.00 22.40 477.60

USGS-NWIS 1/9/1962 500.00 22.20 477.80

USGS-NWIS 3/8/1962 500.00 22.14 477.86

USGS-NWIS 11/1/1962 500.00 22.41 477.59

USGS-NWIS 3/14/1963 500.00 22.22 477.78

USGS-NWIS 10/31/1963 500.00 22.31 477.69

USGS-NWIS 3/19/1964 500.00 22.41 477.59

USGS-NWIS 11/25/1964 500.00 22.40 477.60

USGS-NWIS 3/18/1965 500.00 22.51 477.49

USGS-NWIS 11/18/1965 500.00 22.30 477.70

USGS-NWIS 3/2/1966 500.00 22.50 477.50

USGS-NWIS 10/28/1966 500.00 22.74 477.26

USGS-NWIS 3/16/1967 500.00 22.55 477.45

USGS-NWIS 10/26/1967 500.00 22.95 477.05

USGS-NWIS 4/8/1968 500.00 22.80 477.20

USGS-NWIS 11/7/1968 500.00 22.71 477.29

USGS-NWIS 4/23/1969 500.00 25.02 474.98

USGS-NWIS 10/23/1969 500.00 24.72 475.28

USGS-NWIS 4/29/1970 500.00 23.15 476.85

USGS-NWIS 10/27/1970 500.00 23.55 476.45

USGS-NWIS 3/31/1971 500.00 23.57 476.43

USGS-NWIS 4/25/1979 500.00 23.88 476.12

USGS-NWIS 7/24/1980 500.00 24.40 475.60

USGS-NWIS 1/23/1981 500.00 24.52 475.48

USGS-NWIS 10/1/1981 500.00 25.23 474.77

USGS-NWIS 4/15/1982 500.00 26.69 473.31

USGS-NWIS 1/27/1983 500.00 25.01 474.99

USGS-NWIS 7/31/1984 500.00 25.31 474.69

USGS-NWIS 2/27/1985 500.00 25.42 474.58

USGS-NWIS 6/12/1985 500.00 25.65 474.35

Township 5 South Range 16 East

USGS-NWIS 4/9/1961 603.67 121.14 482.53

USGS-NWIS 4/20/1961 603.67 125.61 478.06

USGS-NWIS 6/10/1961 603.67 125.11 478.56

USGS-NWIS 6/11/1961 603.67 126.84 476.83

- -49 004S017E06C001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 6/13/1961 603.67 127.20 476.47

USGS-NWIS 6/14/1961 603.67 125.52 478.15

USGS-NWIS 6/15/1961 603.67 128.09 475.58

USGS-NWIS 6/19/1961 603.67 129.19 474.48

USGS-NWIS 8/6/1961 603.67 126.93 476.74

USGS-NWIS 10/7/1961 603.67 124.14 479.53

USGS-NWIS 10/8/1961 603.67 124.10 479.57

USGS-NWIS 10/9/1961 603.67 124.93 478.74

USGS-NWIS 10/9/1961 603.67 124.90 478.77

USGS-NWIS 11/8/1961 603.67 126.70 476.97

USGS-NWIS 8/24/1962 603.67 126.70 476.97

USGS-NWIS 11/1/1962 603.67 139.70 463.97

USGS-NWIS 4/29/1970 603.67 128.13 475.54

USGS-NWIS 10/3/1991 603.67 194.37 409.3

USGS-NWIS 2/18/1992 603.67 189.10 414.57

USGS-NWIS 3/18/1992 603.67 189.85 413.82

USGS-NWIS 9/23/1992 603.67 188.42 415.25

USGS-NWIS 4/21/1993 603.67 183.00 420.67

USGS-NWIS 9/16/1993 603.67 182.34 421.33

USGS-NWIS 4/20/1994 603.67 179.16 424.51

USGS-NWIS 10/17/2000 556.81 90.00 466.81

USGS-NWIS 9/19/1952 598.00 108 490

ECEC, 20098
6/1/1980 598.00 118.00 480

ECEC, 20098
7/1/1980 598.00 128.00 470

ECEC, 20098
9/1/1980 598.00 133.00 465

ECEC, 20098
11/1/1980 598.00 138.00 460

ECEC, 20098
6/1/1981 598.00 158.00 440

ECEC, 20098
12/1/1981 598.00 168.00 430

ECEC, 20098
6/1/1983 598.00 208.00 390

ECEC, 20098
6/1/1984 598.00 228.00 370

ECEC, 20098
1/1/1986 598.00 248.00 350

ECEC, 20098
1/1/1987 598.00 248.00 350

USGS-NWIS 6/26/1990 598.00 212.86 385.14

USGS-NWIS 10/23/1990 598.00 207.83 390.17

USGS-NWIS 3/14/1991 598.00 199.29 398.71

USGS-NWIS 2/18/1992 598.00 188.38 409.62

- - 005S016E07P002S USGS-NWIS 10/18/2000 598.45 136.82 461.63 - -

- - 005S016E05F001S USGS-NWIS 10/17/2000 543.53 79.38 464.15 - -

USGS-NWIS 6/10/1999 544.79 81.00 463.79

USGS-NWIS 10/17/2000 544.79 79.62 465.17

USGS-NWIS 10/17/2000 544.79 79.62 465.17

Township 5 South Range 17 East

USGS-NWIS 4/6/1961 538 76.18 461.82

USGS-NWIS 4/20/1961 538 76.17 461.83

USGS-NWIS 5/1/1970 538 75.3 462.7

USGS-NWIS 2/12/1992 538 82.3 455.7

Township 6 South Range 17 East

USGS-NWIS 4/7/1961 566 189.85 376.15

USGS-NWIS 4/20/1961 566 189.98 376.02

Township 8 South Range 20 East

- -52 005S016E07M001S

- -53 005S016E07P001S

- -- - 005S016E05F002S

51 5S/17E-19Q1

- -50 006S017E03M001S
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Table 3-3

Groundwater Levels from Wells in the Eastern Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID State Well Number Source
Measurement

Date

Approximate

Ground Surface

Elevation

(feet amsl)

Depth to

Water

(bgs)

Water

Surface

Elevation

(feet)

Geologic Unit

USGS-NWIS 2/14/1984 580.90 300 280.9

USGS-NWIS 9/28/1990 580.90 299.61 281.29

USGS-NWIS 2/9/1992 580.90 299.69 281.21

USGS-NWIS 3/30/2000 580.90 300.05 280.85

USGS-NWIS 1985-05 654.50 360 294.5

USGS-NWIS 9/28/1990 654.50 369.19 285.31

USGS-NWIS 2/10/1992 654.50 369.15 285.35

USGS-NWIS 3/30/2000 654.50 369.08 285.42

Notes:

1. - - = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey National Water Information System

5. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
6. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

7. ECEC, 2009. Eagle Mountain Pumped Storage Project, No. 1312, Exhibit E: Applicant Prepared Environmental Impact Statement:

Submitted to Federal Energy Regulatory Commission, June 22.

8. Data interpolated from hydrograph

008S020E09K001S

- -/Bouse Formation54 008S020E28N001S

Bouse Formation47
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

OBS-2 WorleyParons 6/17/2009 800 383 - - - - 5,000 2,300 11 Bouse Formation

6/5/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 5,600 7,8,9 Bouse Formation

7/9/2009 350 to 550 33 to -167 383 555 350 to 550 10,000 5,300 7,8,9 Bouse Formation

7/13/2009 350 to 550 33 to -167 383 555 350 to 550 9,500 6,400 7,8,9 Bouse Formation

7/16/2009 350 to 550 33 to -167 383 555 350 to 550 8,900 4,700 7,8,9 Bouse Formation

1 DWR, 1963 5/19/1961 - - 889 - - - - 1,760 656 - - - -

Azca Drilling and Pump 4/20/2009 560 to 940 -62 to -442 498 957 560 to 940 910 - - - - Bouse Formation

WorleyParsons 9/3/2009 560 to 940 -62 to -442 498 957 560 to 940 970 - - - - Bouse Formation

5 DWR, 1963 10/10/1961 - - to 85.7 - - to 274.3 360 85.7 - - 5,730 1,770 1 Alluvium

DWR Well Records 6/25/1991 890 to 940 -498 to -548 392 982 890 to 940 2,400 - - 11 Fanglomerate

WorleyParsons 7/29/2009 - - - - to - - 392 450 - - 6,600
13

3,400
13 11 - -

200.00 390.2 526 - - 19,000
14 - - - - - -

500.00 390.2 526 - - 26,000
14 - - - - - -

16 WorleyParsons 9/16/2009 247.00 390 297 - - 3,100 - - - - Alluvium

DWR, 1963 1959 1,175 to 1,200 -814 to -839 361 1,200 1,175 to 1,200 2,150 986 12 Fanglomerate

WorleyParsons 9/17/2009 247 361 267 - - 20,000
14 - - 12 Fanglomerate

21 DWR, 1963 10/17/1917 - - - - - - - - 3,820 865 - - - -

23 USGS- NWIS, 2009 4/19/1979 - - 392.10 - - - - 2,350 950 - - - -

26 WorleyParsons 9/16/2009 760.00 562.58 952.00
410 to 630 750 to

770 810 to 870
1,100 - - - - Fanglomerate

27 DWR, 1963 10/10/1961 - - to 486.4 - - to 68.6 555 486.4 - - 2,210 718 5 - -/Bouse Formation

28 DWR, 1963 10/10/1961 - - to 779.4 - - to -259.4 520 779.4 - - 1,470 273 10 - -/Bouse Formation

29 WorelyParsons 9/16/2009 720 545.91 950

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

1,100 - - - - Bouse Formation

31 DWR, 1963 10/10/1961 - - to 242.2 - - to 181.69 423.89 242.2 - - 2,560 734 2 Alluvium

32 DWR, 1963 10/10/1961 - - to 315.7 - - to 102.3 418.00 315.7 - - 8,150 3,250 4 Alluvium

37
Engineering-Science,

1990
6/4/1990 750 to 1,050 -316.91 to -616.91 433.09 1,050 750 to 1,050 752 214 10,11

Bouse Formation/

Fanglomerate

275 433 1,222 540 2

315 433 1,081 480 2

335 433 1,128 510 4

355 433 1,175 420 4

375 433 1,222 540 5

395 433 1,340 540 6

415 433 1,387 450 7

435 433 1,340 600 8

58

38

18

158

118

-2

Sample Depth

(feet amsl)

9/16/2009
190.20

-109.80

-174.09

-417

- -

- -

143.00

98

78

TW-1 WorleyParons

3

14

15 WorelyParsons

17
114.00

-197.42

- -
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

455 433 1,551 510 9

475 433 1,586 720 9

495 433 2,244 1,170 9

515 433 1,974 450 9

535 433 4,028 1,500 9

575 433 2,362 960 9

615 433 1,281 600 10

635 433 893 330 10

655 433 787 270 10

675 433 776 270 10

695 433 705 240 10

735 433 599 330 10

755 433 682 240 10

775 433 646 240 10

795 433 752 270 10

815 433 752 270 10

275 to 815 158 to -382 433 1,313 519
Bouse Formation

Average

835 433 717 270 11

855 433 670 240 11

875 433 729 240 11

895 433 705 240 11

915 433 693 270 11

935 433 729 300 11

955 433 752 300 11

975 433 740 270 11

995 433 705 270 11

1,015 433 747 270 11

835 to 1,015 -402 to -582 433 719 267
Fanglomerate

Average

39

CH2M Hill and Boyle

Engineering,1995/

DWR, 1963

1/1986 (TDS)

6/12/1961

(Chloride)

853 to 1,083 -410.06 to -640.06 442.94 1,139 853 to 1,083 786 216 11 Fanglomerate

42

CH2M Hill and Boyle

Engineering,1995/

Woodward-Clyde

Consultants, 1986

5/1988 (TDS)

8/24/83 (Chloride)
738 to 1,100 -268.00 to -630.00 470.00 1,100 738 to 1,100 765 199 10,11

Bouse Formation/

Fanglomerate

43
Kennedy/Jenks/Chilton,

1986
Jan-86 510 to 780 -4.40 to -274.40 505.60 830

510 to 600 and 680

to 780
1,150 460 9,10 Bouse Formation

Kennedy/Jenks/Chilton,

1986
Jan-86 500 to 850 121 to -229 621 1,350 520

2,3,4,5,6,7,8

,9,10

795 to 815 and 995

to 1,015
38

11 Woodward-Clyde

Consultants, 1986
6/20/1986 1,040

-22

-82

-102

-142

-182

-202

-42

-62

-222

-242

-262

-302

-322

-342

-362

-482

-502

-522

-382

-402

-422

-442

Bouse Formation

Fanglomerate

-542

-562

-582

-462
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Table 3-6

TDS and Chloride Concentrations for Selected Wells in the Chuckwalla Valley Groundwater Basin

Genesis Solar, LLC

Well ID Source
Sample Collection

Date

Sample Depth

(feet bgs)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)

TDS

(mg/L)

Chloride

(mg/L)

Model

Layer
Geologic Unit

Sample Depth

(feet amsl)

Woodward-Clyde

Consultants, 1986
1/4/1984 490 621 2,090 550 2

Woodward-Clyde

Consultants, 1986
1/5/1984 590 621 1,740 586 7

Woodward-Clyde

Consultants, 1986
2/7/1984 850 621 1,380 570 10

50 DWR, 1963 1959 - - to 818 - - to -252 566 818 -- -- 131 10 - -/Bouse Formation

Notes:

1. -- = information not available or not applicable

2. amsl = above mean sea level

3. bgs = below ground surface

4. TDS = total dissolved solids

5. mg/L = milligrams per liter

6. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7

7. Kennedy/Jenks/Chilton, 1986. Final Report Sampling and Analysis in the Wiley's Well Area. Dated March 19.

8. CH2M Hill and Boyle Engineering, 1995. Technical Memorandum, Water Treatment Plant Evaluation - Phase I. Dated March 30

9. Woodward-Clyde Consultants, 1986. Final Report, Groundwater Quality Investigation, Wiley Well Area. Dated March 13.

10. Engineering Science, 1990. Water and Wastewater Facilities Engineering Study, California State Prison - Chuckawalla Valley. Dated September.

11. The TDS concentrations for well 38 were calculated based on electrical conductivity values and a conversion factor (TDS = EC x 0.47) reported by Woodward-Clyde Consultants, 1986

12. USGS-NWIS, 2009. United States Geological Survey - National Water Information System (USGS-NWIS) database. http://nwis.waterdata.usgs.gov/usa/nwis/qwdata

13. The sample collected from well 14 on 7/29/09 is from an unknown interval. This well has been reportedly re-constructed at a shallower depth. As such, the sample result is considered unreliable.

14. Water sample result is anomalous and may be indicative of a sample not collected from the screened interval or from static water inside a collapsed well.

500 to 580, 620 to

640, 710 to 850
87247

31

-229

Bouse Formation

131
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Sample Collection Date 6/5/2009 7/9/2009 7/13/2009 7/16/2009 6/17/2009

Sample Depth (feet bgs) Whole Well Whole Well Whole Well Whole Well 800

EPA Method 120.1 / SM2510B / SW9050A

Specific Conductance (at 25°C) µS/cm 19,000 19,000 18,000 18,000 8,800

EPA Method 150.2 / SM4500HB / SW9040C

pH pH Units 7.9 7.9 7.9 7.8 7.8

pH - Temperature °C 23 19 20 19 21

EPA Method 300.0 / 9056

Chloride mg/L 5,600 5,300 6,400 4,700 2,300

Fluoride mg/L 4.6 6.2 4.6 4.7 1.1

Nitrate (NO3) - N mg/L <0.25 -- -- <0.25 0.5

Nitrite (NO2) - N mg/L <0.63 <0.25 0.28 <0.50 <0.25

Sulfate as SO4 mg/L 1,500 1,400 1,800 1,200 810

EPA Method 335.2

Total Cyanide mg/L -- -- -- <0.005 --

EPA Method 365.3 / SM4500PE

Total Phosphorus mg/L -- -- -- <0.10 --

EPA Method SW6020 / SW6020A

Antimony mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Arsenic mg/L 0.024 0.023 0.027 -- 0.0092

Barium mg/L 0.03 0.028 0.027 0.028 0.033

Beryllium mg/L <0.004 <0.004 <0.004 <0.004 <0.004

Cadmium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Calcium mg/L 160 -- -- -- <0.50

Chromium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Cobalt mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Copper mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Iron mg/L 1.4 -- -- -- 0.46

Lead mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Lithium mg/L -- -- -- 1.4 --

Magnesium mg/L 38 -- -- -- --

Manganese mg/L 0.065 -- -- -- 0.029

Mercury mg/L <0.001 <0.001 <0.001 <0.001 <0.001

Molybdenum mg/L 0.44 0.43 0.4 0.37 0.24

Nickel mg/L <0.010 <0.010 <0.010 <0.010 <0.010

Potassium mg/L 30 27 24 25 12

Selenium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Silica mg/L -- -- -- 22 19

Silver mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Sodium mg/L 4,500 4,000 3,600 3,600 1,500

Thallium mg/L <0.002 <0.002 <0.002 <0.002 <0.002

Vanadium mg/L <0.005 <0.005 <0.005 <0.005 <0.005

Zinc mg/L <0.10 <0.10 <0.10 <0.10 <0.10

EPA Method 200.8

Dissolved Silica mg/L -- -- -- 20 15

SM2320B

Bicarbonate Alkalinity (As CaCO3) mg/L -- -- -- 96 --

Carbonate Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Hydroxide Alkalinity (As CaCO3) mg/L -- -- -- <10 --

Total Alkalinity (As CaCO3 at pH 4.5) mg/L 97 83 81 96 150

SM2340B

Calcium mg/L -- -- -- -- 66

Total Hardness (calc as CaCO3) mg/L 570 540 490 500 220
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Table 3-7
Analytical Results for On-Site Groundwater Samples

Genesis Solar, LLC

Analyte Well ID TW-1 TW-1 TW-1 TW-1 OBS-2

Magnesium mg/L -- -- -- -- 14

SM2540C

Total Dissolved Solids mg/L 9,500 10,000 9,500 8,900 5,000

SM4500-S D

Sulfide mg/L -- -- -- <0.10 --

Notes:

1. bgs = below ground surface

2. <0.10 = not detected above the noted laboratory reporting limit

3. EPA = United States Environmental Protection Agency

4. µS/cm - microsiemens per centimeter

5. mg/L = milligrams per liter

6. °C = celsius

7. - - = not analyzed
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

OBS-1 - - Shallow Observatoin Well Genesis Solar, LLC 5/9/2009 Monitoring Well 5 883 155 100 to 150 Alluvium

OBS-2-270
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 270 265 to 275 Bouse Formation

OBS-2-315
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 315 304 to 327 Bouse Formation

OBS-2-370
5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 370 359 to 374 Bouse Formation

OBS-2-400 5 - - Nested Observation Well Genesis Solar, LLC 7/2/2009 Monitoring Well - - 883 400 387 to 418 Bouse Formation

TW-1 - - Test Well Genesis Solar, LLC 5/22/2009 Monitoring Well 5 883 555 340 to 564 Bouse Formation

1 5S/20E-16M1 McCoy Spring and DWR-17 -- - - Unused - - 889 - - - - --

2 6S/18E-36E1 - -
CA Jojoba Research

and Development
12/18/1981 Irrigation 10 to 6 424 940

250 to 290 770 to

810

Alluvium/Bouse

Formation

3 6S/18E-29 Siddall Well Agra Energy Corp. 2/26/1982 Irrigation 20 to 8 498 957 560 to 940 Bouse Formation

4 6S/19E-19J1 - - -- - - Unused 12 354 - - - - - -

5 6S/19E-25P1 - - -- - - Unused 10 360 85.7 - - Alluvium

6 6S/19E-25R1 -- -- - - Destroyed 10 360 61.9 - - Alluvium

7 6S/19E-25 NOS 1A, 1B, 1C USGS -- Exploratory Borehole -- 358 -- -- --

8 6S/19E-26Z1 - - -- - - Destroyed - - - - - - - - - -

9 6S/19E-28R1 - - -- - - Unused - - 354 - - - - - -

10 6S/19E-29E1 - - -- - - Destroyed/ Collapsed 6 377 - -/19.7 6 - - - -

11 6S/19E-30H1 - - -- - - Destroyed 6 370 28.7 - - Alluvium

12 6S/19E-31Z1 - - -- - - Destroyed - - - - - - - - - -

13 6S/19E-32 - - Jacado Agri Corp. 6/27/1982 Destroyed 7 22 to 18 to 12 392 732
307 to 327 365 to

732
Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

14 6S/19E-32 - - Lorne Froats 5/1/1991
Domestic/ Irrigation/

Dust Control
12 to 10 392 982/450

6 890 to 940 Fanglomerate

15 6S/19E-32K1 - - - - -- 12.5 390.2 --/526
6 - - Bouse Formation

16 6S/19E-32K2 - - - - - - 10.5 390 --/297
6 - - Bouse Formation

17 6S/19E-33A1
Hopkins Well and DWR-

33X1
-- 1911 Destroyed 12 to 8 361 1200/267 6 1,175 to 1,200 Fanglomerate

18 6S/19E-34 -- So Cal Gas 4/29/1989 Anode 1 368 400 200 to 400
Alluvium/Bouse

Formation

19 6S/19E-34 -- So Cal Gas 7/15/1981 Other -- 369 274 0 to 274
Alluvium/Bouse

Formation

20 6S/19E-36A1 - - -- - - Destroyed 10 365 64.8 - - Alluvium

21 6S/20E-30Z1 Ford Well -- - - Stock; Destroyed 10 - - - - - - - -

22 6S/20E-33L1 - - -- - - Destroyed7 - - 387.60 1,197 - - Bouse Formation

23 6S/20E-33C1 - - -- - - Monitoring 10 392.10 400.00 - - Bouse Formation

24 6S/20E-33 -- Sol Cal Gas 4/29/1989 Andoe 1 397.00 435 235 to 435
Alluvium/Bouse

Formation

25 6S/20E-33 -- Sol Cal Gas 7/20/1981 Other -- 397 278 0 to 278
Alluvium/Bouse

Formation

26 7S/18E-14F1 - -
U.S. AgriResearch

and Development
12/26/1982 Irrigation 16 to 10 562.58 1,000/952 6 410 to 630 750 to

770 810 to 870

Alluvium/Bouse

Formation

27 7S/18E-11N1 - - -- - - Unused 16 555 486.4 - - Bouse Formation

28 7S/18E-11R1 - - -- - - Unused 16 520 779.4 - - Bouse Formation

29 7S/18E-14H1 - -
U.S. AgriResearch

and Development
1/16/1983 Irrigation 10 545.91 985/950 6

420 to 460, 500 to

520, 540 to 580,

620-820, 840-990

Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

30 7S/18E-14H1 - - -- - - Destroyed 6 546 123.9 - - Alluvium

31 7S/19E-4R1 Teaque Well -- - - Unused 12 423.89 242.2 - - Alluvium

32 7S/20E-4R1 Vada McBride -- - - Unused 16 418.00 315.7 - - Bouse Formation

33 7S/20E-16M1 - -
CA Department of

Corrections
- - - - 30 to 16 456.02 1,200 690 to 1190

Bouse Formation/

Fanglomerate

34 7S/20E-17L1 WP-4
CA Department of

Corrections
9/8/1992 Public Water Supply 24 458.30 1,200 690 to 1190

Bouse Formation/

Fanglomerate

35 7S/20E-17K1 - -
CA Department of

Corrections
12/20/1989 - - 30 to 16 456.48 1,200 690 to 1190

Bouse Formation/

Fanglomerate

36 7S/20E-17G1 - -
CA Department of

Corrections
12/30/1987 Industrial 30 to 16 to 10 443.54 1,200 690 to 1190

Bouse Formation/

Fanglomerate

37 7S/20E-17C1 78 -- 1981 Irrigation 14 to 10 433.09 1,050 750 to 1,050
Bouse Formation/

Fanglomerate

38 7/20E-17C2 observation well 1
CA Department of

Corrections
6/20/1986 Monitoring 1 1/4 433 1,040

795 to 815 and 995

to 1,015

Bouse Formation/

Fanglomerate

39 7S/20E-18H1
59/observation well 2/Vada

McBride
-- 1959 Irrigation 15 to 12 442.94 1,139 853 to 1,083

Bouse Formation/

Fanglomerate

40 7S/20E-18K1 WP-6
CA Department of

Corrections
11/4/1992 Public Water Supply 15 to 10 449.40 1,200 690 to 1,200

Bouse Formation/

Fanglomerate

41 7S/20E-18R1 WP-5
CA Department of

Corrections
10/24/1992 Public Water Supply 13.5 to 10 453.60 1,160 - - Fanglomerate

42 7S/20E-20B1 79/observation well 3 -- 6/4/1905 Irrigation 16 to 12 470.00 1,100 738 to 1,100
Bouse Formation/

Fanglomerate

43 7S/20E-28C1 7S/20E-28F1/80 Jojoba Inc. 3/15/1982 Irrigation 10 to 8 505.60 830
510 to 600 and 680

to 780
Bouse Formation
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Table 3-8
Inventory of Wells in the Eastern Chuckwalla Valley Groundwater Basin
Gensis Solar, LLC

Well ID State Well Number Other Name Owner Installation Date Use/Status
Well Casing

Diameter (inches)

Approximate

Ground Surface

Elevation

(feet amsl)

Well Depth

(feet bgs)

Screened Interval

(feet bgs)
Geologic Unit

44 7S/20E-28C2 - - Jojoba Southwest 11/30/1989 Irrigation 16 to 12 505.30 1,100 700 to 1,100
Bouse Formation/

Fanglomerate

45 7S/20E-28 --

Chuckawalla Jojoba

inc Great American

Securities

6/6/1989 Test Hole/Abandoned -- 505 825 -- --

46 7S/20E-27L1 - - -- - - Destyroyed 8 517.00 53.6 - - Alluvium

47 8S/20E-10N2 60 -- 1984 -- 4 621 872
500 to 580, 620 to

640, 710 to 850
Bouse Formation

48 4S/16E-32M1 -- -- -- -- -- 548 -- -- --

49 4/S17E-6C1 -- -- -- -- -- 500 -- -- --

50 6S/17E-3M1 -- -- -- -- -- 566 818 -- Bouse Formation

51 5S/17E19Q1 -- -- -- -- -- 538 760 -- --

52 5S/16E-7M1 -- -- -- -- -- 603.67 648 -- --

53 5S/16E-7P1 -- -- -- -- -- 598 347 -- --

54 8S/20E-28N1 -- -- -- -- -- 654.5 500 -- Bouse Formation

Notes:

1. -- = information not available or unknown

2. amsl = above mean sea level

3. bgs = below ground surface
4. USGS-NWIS = United States Geological Survey - National Water Information System (USGS-NWIS) website at http://nwis.waterdata.usgs.gov/ca/nwis/gwlevels

5. Nested pressure transducer buried in place.

6. 1,000/952 = reported well depth/measured well depth. Well depth was measured by WorleyParsons or Azca Drilling.

7. Well could not be located by WorleyParsons. Presumed destroyed.

8. DWR, 1963, Data on Water Wells and Springs in the Chuckwalla Valley Area. DWR Bull. 91-7
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Table 5-1 - Groundwater Demand from Cumulative Planned and Reasonably Foreseeable Projects

Project Construction Operation 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 to 2043 Source Remarks
Projects in Western Chuckwalla Valley Groundwater Basin
Chuckwalla Solar I
(CACA048808)

20 40 0 20 20 20 40 40 40 40 40 40 BLM, 2009a;
CEC, 2009

SF-299 Filed. NOI issued. Construction 2011 to 2013

Palen Solar Power Project
(CACA048810)

436 300 0 426 426 436 300 300 300 300 300 300 AECOM, 2009 SF-299 Filed. NOI issued. AFC Filed. Construction 2011 to
2013

enXco Eagle Mountain Solel
(CACA049491)

-- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

enXco Desert Lili (CACA049492) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a;
CEC, 2009

SF-299 Filed, but neither CEQA or NEPA process has been
initiated. Not on BLM's list of active projects as of Sep-09.

Solel Desert Lili (CACA049494) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

First Solar Desert Sunlight
(CACA048649)

27 3.8 27 27 27 3.8 3.8 3.8 3.8 3.8 3.8 CEC, 2009;
BLM, 2009b

SF-299 Filed. NOI imminent. 3 year construction period.
Assume 2011 construction start.

enXco (CACA049489) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Solel (CACA049493) -- -- -- -- -- -- -- -- -- -- -- -- BLM, 2009a
and 2009b

Project has been withdrawn

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Eagle Crest Pumped Storage
Startup

2,380 to 8,066 1,628 0 0 308 308 8,066 8,066 8,066 8,066 2,380 1,763 Eagle Crest,
2009

Groundwater demand during construction is 308 AFY; during
reservoir filling is 8,066 AFY 2014 to 2017; 2,380 AFY 2018

Total Sub-Basin Groundwater Demand 2.0 477.0 783.0 793.3 8,410.1 8,409.8 8,409.8 8,409.8 2,723.8 2,106.8

Projects in Eastern Chuckwalla Valley Groundwater Basin
Genesis Solar Energy Project 616 to 1,368 1,644 1,368 616 616 1,644 1,644 1,644 1,644 1,644 1,644

enXco Mule Mountain Solel
(CACA049488)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

SF-299 Filed, but neither CEQA or NEPA process has been
initiated.

Bullfrog Mule Mountain
(CACA049097)

-- -- -- -- -- -- -- -- -- -- -- -- CEC, 2009;
BLM, 2009b

Formerly Altera; SF-299 Filed, but neither CEQA or NEPA
process has been initiated.

Devers-Palo Verde II
Transmission

2 -- 0 2 2 2 0 0 0 0 0 0 CEC, 2009 Assumed 2 AFY in western basin from 2011 to 2013

Blythe Energy Transmission Line 2 -- 2 2 0 0 0 0 0 0 0 0 CEC, 2009 Under construction. Assume 2 AFY in western basin from 2010
to 2011

Desert SW Transmission 0.3 -- 0 0 0 0.3 0.3 0 0 0 0 0 CEC, 2009 Assume 0.3 AFY in western basin from 2013 to 2014

Total Sub-Basin Groundwater Demand 2.0 1,372.0 618.0 618.3 1,644.3 1,644.0 1,644.0 1,644.0 1,644.0 1,644.0
Notes:

-- No data. Project does not meet criteria for consideration in cumulative impact analysis for groundwater resources.

Annual Water Demand (AFY) Cumulative Future Water Demand for Planned and Reasonably Forseeable Projects

Note that the water demand numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle

Crest project (GEI, 2009). This adjustment has not substantively changed our findings or conclusions.
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Table 5-2: Cumulative Water Budget Forecast

Year

Subsurface

Inflow 3

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Palen Lake

Evapo-

transpiration

Increased

Outflow to

Eastern

Basin

Annual

Water

Budget

Cumulative

Water Budget

Recharge from

Precipitation 3

Irrigation

Return

Flow 3

Wastewater

Return Flow 3

Increased

Inflow from

Western

Basin

Outflow to

PVMB

Total

Current

Pumping 3

Total Future

Construction

Pumping

Total Future

Operations

Pumping

Annual

Water

Budget

Cumulative

Water

Budget

Basin

Annual

Water

Budget

Basin

Cumulative

Water Budget

2009 3,500 4,680 750 36 7,756 0 0 350 0 860 860 4,760 50 795 0 400 2,607 -- -- 2,598 2,598 3,458 3,458

2010 3,500 4,680 750 36 7,756 2 0 350 0 858 1,718 4,760 50 795 0 400 2005 4 2 0 5,203 7,801 6,061 9,519

2011 3,500 4,680 750 36 7,756 477 0 350 0 383 2,101 4,760 50 795 0 400 2,005 1372 0 1,828 9,629 2,211 11,730

2012 3,500 4,680 750 36 7,756 783 0 350 0 77 2,178 4,760 50 795 0 400 2,005 618 0 2,582 12,211 2,659 14,389

2013 3,500 4,680 750 36 7,756 793.3 0 350 0.1 67 2,245 4,760 50 795 0.1 400 2,005 618.3 0 2,582 14,793 2,648 17,037

2014 3,500 4,680 750 36 7,756 8,066.30 344 350 0.3 -7,550 -5,306 4,760 50 795 0.3 390 2,005 0.3 1,644 1,566 16,359 -5,984 11,053

2015 3,500 4,680 750 36 7,756 8,066 344 350 2 -7,552 -12,858 4,760 50 795 2 376 2,005 0 1,644 1,582 17,941 -5,970 5,083

2016 3,500 4,680 750 36 7,756 8,066 344 350 4 -7,554 -20,411 4,760 50 795 4 364 2,005 0 1,644 1,596 19,537 -5,958 -875

2017 3,500 4,680 750 36 7,756 8,066 344 350 7 -7,557 -27,968 4,760 50 795 7 351 2,005 0 1,644 1,612 21,149 -5,945 -6,819

2018 3,500 4,680 750 36 7,756 2,380 344 350 10 -1,874 -29,842 4,760 50 795 10 336.5 2,005 0 1,644 1,630 22,778 -244 -7,064

2019 3,500 4,680 750 36 7,756 0 2,107 350 13.5 -1,260 -31,102 4,760 50 795 13.5 324 2,005 0 1,644 1,646 24,424 385 -6,678

2020 3,500 4,680 750 36 7,756 0 2,107 350 16.5 -1,263 -32,366 4,760 50 795 16.5 311 2,005 0 1,644 1,662 26,085 398 -6,280

2021 3,500 4,680 750 36 7,756 0 2,107 350 20 -1,267 -33,632 4,760 50 795 20 298.5 2,005 0 1,644 1,678 27,763 411 -5,870

2022 3,500 4,680 750 36 7,756 0 2,107 350 25 -1,272 -34,904 4,760 50 795 25 288 2,005 0 1,644 1,693 29,456 421 -5,448

2023 3,500 4,680 750 36 7,756 0 2,107 350 30 -1,277 -36,181 4,760 50 795 30 275 2,005 0 1,644 1,711 31,167 434 -5,014

2024 3,500 4,680 750 36 7,756 0 2,107 350 35 -1,282 -37,463 4,760 50 795 35 263.5 2,005 0 1,644 1,728 32,894 446 -4,569

2025 3,500 4,680 750 36 7,756 0 2,107 350 41 -1,288 -38,751 4,760 50 795 41 251.5 2,005 0 1,644 1,746 34,640 458 -4,111

2026 3,500 4,680 750 36 7,756 0 2,107 350 46.5 -1,293 -40,044 4,760 50 795 46.5 241 2,005 0 1,644 1,762 36,401 468 -3,643

2027 3,500 4,680 750 36 7,756 0 2,107 350 52 -1,299 -41,343 4,760 50 795 52 230.5 2,005 0 1,644 1,778 38,179 479 -3,164

2028 3,500 4,680 750 36 7,756 0 2,107 350 59 -1,306 -42,649 4,760 50 795 59 220 2,005 0 1,644 1,795 39,974 489 -2,675

2029 3,500 4,680 750 36 7,756 0 2,107 350 65.5 -1,312 -43,961 4,760 50 795 65.5 210 2,005 0 1,644 1,812 41,785 499 -2,176

2030 3,500 4,680 750 36 7,756 0 2,107 350 72 -1,319 -45,280 4,760 50 795 72 200 2,005 0 1,644 1,828 43,613 509 -1,666

2031 3,500 4,680 750 36 7,756 0 2,107 350 80 -1,327 -46,606 4,760 50 795 80 188.5 2,005 0 1,644 1,848 45,461 521 -1,146

2032 3,500 4,680 750 36 7,756 0 2,107 350 88.5 -1,335 -47,942 4,760 50 795 88.5 177.5 2,005 0 1,644 1,867 47,328 532 -614

2033 3,500 4,680 750 36 7,756 0 2,107 350 97.5 -1,344 -49,286 4,760 50 795 97.5 167 2,005 0 1,644 1,887 49,214 542 -72

2034 3,500 4,680 750 36 7,756 0 2,107 350 105.5 -1,352 -50,638 4,760 50 795 105.5 158.5 2,005 0 1,644 1,903 51,117 551 479

2035 3,500 4,680 750 36 7,756 0 2,107 350 114 -1,361 -51,999 4,760 50 795 114 150 2,005 0 1,644 1,920 53,037 559 1,038

2036 3,500 4,680 750 36 7,756 0 2,107 350 124.5 -1,371 -53,370 4,760 50 795 124.5 140 2,005 0 1,644 1,941 54,978 569 1,607

2037 3,500 4,680 750 36 7,756 0 2,107 350 134.5 -1,381 -54,752 4,760 50 795 134.5 130 2,005 0 1,644 1,961 56,938 579 2,187

2038 3,500 4,680 750 36 7,756 0 2,107 350 144.5 -1,391 -56,143 4,760 50 795 144.5 121.5 2,005 0 1,644 1,979 58,917 588 2,774

2039 3,500 4,680 750 36 7,756 0 2,107 350 155 -1,402 -57,545 4,760 50 795 155 112 2,005 0 1,644 1,999 60,916 597 3,371

2040 3,500 4,680 750 36 7,756 0 2,107 350 165 -1,412 -58,957 4,760 50 795 165 105 2,005 0 1,644 2,016 62,932 604 3,976

2041 3,500 4,680 750 36 7,756 0 2,107 350 176 -1,423 -60,379 4,760 50 795 176 97.5 2,005 0 1,644 2,035 64,967 612 4,587

2042 3,500 4,680 750 36 7,756 0 2,107 350 187 -1,434 -61,813 4,760 50 795 187 90 2,005 0 1,644 2,053 67,020 619 5,207

2043 3,500 4,680 750 36 7,756 0 2,107 350 200 -1,447 -63,260 4,760 50 795 200 81 2,005 0 1,644 2,075 69,095 628 5,835

Notes:

1.

2.

3. For details, see Section 3.7.4

4.

Chuckwalla Valley

Groundwater Basin

Water BudgetInflow (AFY) Outflow (AFY)

Sub-Basin Water

Budget (AFY) Inflow Outflow

Sub-Basin Water

Budget

Western Chuckwalla Valley Groundwater Basin 1 Eastern Chuckwalla Groundwater Basin 2

Note that the water budget numbers in this table were changed slightly from those presented in the Technical Memorandum - Groundwater Resources Cumulative Impact Analysis for Genesis Solar Power Project, dated December 31, 2009 due to incorporation of updated data submitted by the Eagle Crest

project (GEI, 2009)and a minor adjustment of the model. This adjustment has not substantively changed our findings or conclusions.

Eastern Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Ford Detailed Analysis Unit

Reflects decreased prison water demand starting in 2010 due to water conservation and population reduction (Eagle Crest, 2009; Lanahan, 2009).

Western Chuckwalla Valley Groundwater Basin boundaries assumed to coincide with DWR's Palen Detailed Analysis Unit
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GENESIS SOLAR ENERGY, LLC

PROJECT LOCATION
SWL NB 10/2009
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GENESIS SOLAR, LLC

CHUCKWALLA VALLEY GROUNDWATER BASIN
BEDROCK TOPOGRAPHY - FORD DRY LAKE SITE

SWL NB 8/2009
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GENESIS SOLAR, LLC

HYDROGEOLOGIC SETTING
SWL NB 12/2009
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Figure 12 - Hydrographs of Selected Wells in
Western Chuckwalla Valley Groundwater Basin
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Figure 13 - Hydrographs of Selected Wells in
Central Chuckwalla Valley Groundwater Basin
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Figure 14 - Hydrographs of Selected Wells in

Eastern Chuckwalla Valley Groundwater Basin
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Figure 18 - Well 49 Groundwater Levels, Precipitaiton Trends and Area Pumping
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GENESIS SOLAR, LLC

TDS AND CHLORIDE CONCENTRATIONS DETECTED IN WELLS
IN THE EASTERN CHUCKWALLA VALLEY

GROUNDWATER BASIN

SWL NB 10/2009
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GENESIS SOLAR ENERGY, LLC.

NUMERICAL MODEL DOMAIN
AND BOUNDARY CONDITIONS

SWL NB 11/2009
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Figure 22 - Modeled Chloride Concentrations in Groundwater Pumped from Project Production Wells



GENESIS SOLAR ENERGY, LLC.

PREDICTED DRAWDOWN IN THE
PUMPED AQUIFER (LAYER 12)

AFTER 33 YEARS

SWL NB 1/2010
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GENESIS SOLAR ENERGY, LLC.

PREDICTED DRAWDOWN AT
THE WATER TABLE (LAYER 1)

AFTER 33 YEARS

SWL NB 1/2010
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GENESIS SOLAR, LLC

CUMULATIVE DRAWDOWN FROM PROPOSED
PROJECTS AT END OF PROJECT CONSTRUCTION 

SWL MT 12/2009
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CUMULATIVE DRAWDOWN IN PUMPED AQUIFER FROM
EXISTING, PLANNED AND REASONABLY FORESEEABLE

PROJECTS AT END OF PROJECT OPERATION
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HISTORICAL AERIAL IMAGERY OF MESQUITE STANDS
WEST/NORTHWEST OF PALEN LAKE SALTPAN AREA
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GENESIS SOLAR ENERGY PRO.IECT 

APPENDIX D.1 

GRAVITY BEDROCK TOPOGRAPHIC MODEL FOR EASTERN CHUCKWALLA VALLEY GROUNDWATER 

BASIN 

1. GRAVIMETRIC METHODS 

A model of the bedrock topography was created using bouguer gravity data compiled by Mariano and 
others (1986). Eight two-dimensional cross-sections were created to cover the study area. The resulting 

depth to bedrock determined by the cross-sections was then gridded to provide a contour map of the 
bedrock topography. The gravity modelling software used was GM-SYS gravity and magnetic modelling 

software. 

• 

Cross-section E is attached as an example of the cross-sections created. For each cross-section, an 
initial model was constructed as calibrated to known bedrock depths from wells 14 and 17, which are 
located near the center of the study area. The theoretical response from the initial model (forward model) 
was then calculated and compared to observed data. Depths to stratigraphic horizons were adjusted to 

minimize error between the calculated forward model and the observed data. Densities for each of the 
five hydrostratigraphic units (unsaturated Quaternary Alluvium, saturated Quaternary alluvium, Pliocene 
Bouse Formation, Miocene Fanglomerate, and bedrock) were taken from a USGS gravity study of the 

area (Wilson and Owen-Joyce 1994) or were estimated from typical values provided by Sharma (1997) 

for materials of similar lithologic characteristics to those observed in the study area. The densities for 
each layer are presented in Table A. 

Table A Stratigraphic description and density used in the gravity model. 

Hydrostratigraphic 

Layer 

Composition Density (g/cm 3 
) 

Unsaturated Alluvium Poorly to moderately consolidated silt, clay, sand and 

gravel (unsaturated) 

1.90 

Saturated Alluvium Poorly to moderately consolidated silt, clay, sand and 

gravel (saturated) 

2.10 

Bouse Formation Interbedded silt, sand and clay, poorly to moderately 

consolidated 

2.10 

Fanglomerate Well-consolidated sand and gravel 2.34 

Bedrock Meta-volcanics, metamorphic and granitic rocks 2.81 
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GENESIS SOLAR ENERGY PROJECT 

APPENDIX D.1 

GRAVITY BEDROCK TOPOGRAPHIC MODEL FOR EASTERN CHUCKWALLA VALLEY GROUNDWATER 

BASIN 

Finally, a contour map of the bedrock topography was created by extracting the elevation of the bedrock 
horizon from each cross-section (as referenced to mean sea level) and creating a plan view grid using the 

minimum curvature method. 

Due to the non-unique nature of gravity data, there are many possible models; however, the model 
presented conforms to the available information and presents a possible model of the depth to bedrock. 

Several assumptions were made while creating the bedrock model including: 

a)	 Bedrock was considered to be a single density, an average throughout the study area; however, 

due to the wide range of rock types in the basement rocks and the presence of sills, dikes, and 
metamorphic activity indicate that there is likely some variation in the bedrock density. 

• 
b) Mariano and other (1986) created gravity contours based on available gravity data within the study 

area; however, these contours were created in areas with sparse data and contours were 
interpolated over large areas. For this model, it was assumed that these contours were correct and 

data density was consistent; however, some error may be introduced into the model due to low 
data density in some areas (in other words, geologic features may change drastically on a much 
finer scale than was used for gravity sampling). 

c)	 The geologic model was assumed to have five layers as outline in Table A. Variations within the 
layers may lead to varying densities within each layer. 

d)	 Each cross-section was assumed to be a two-dimensional cross-section (varying in the x (distance 

along the cross-section) and z (depth) directions and extending to infinity in the y (perpendicular to 

the cross-section) direction). 

The final bedrock topography (attached) ranges from -5,320 feet above mean sea level (amsl) in the 

valley basin to 3,000 feet amsl in the Palen Mountains, where the bedrock outcrops at surface. Away from 

bedrock outcrops in the mountains, the highest elevation of the bedrock topography is approximately 

mean sea level. The bedrock is generally deepest in the center of the study area and becomes shallower 

closer to the mountains. A bedrock ridge trending northeast/southwest occurs through the center of the 

study area near wells 14 and 17. 
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GRAVITY BEDROCK TOPOGRAPHIC MODEL FOR EASTERN CHUCKWALLA VALLEY GROUNDWATER 
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APPENDIX D.2 TEST WELL PROGRAM

INTRODUCTION

This appendix documents the procedures used for implementation of a test well and aquifer pump

testing program to investigate the water supply characteristics of the groundwater-bearing sediments

underlying the site. The objectives of the program were to investigate the hydrostratigraphy, aquifer

parameters and water quality in the area of the site, which is located north of Ford Dry Lake in the

eastern portion of the Chuckwalla Valley Groundwater Basin near the city of Blythe in Riverside

County, California. This information will be used to develop specifications for construction of water

supply wells, to evaluate the quality of groundwater available for the project, and to supplement

published information and data available from public sources for use in evaluation of potential impacts

to groundwater resources in accordance with the requirements of the California Energy Commission

(CEC) Data Adequacy Requirements for an Application for Certification.

BACKGROUND

Work associated with implementation of the test well and aquifer testing program included construction

of a shallow monitoring well, a test well and installation of direct-buried pressure transducers. This

work was followed by a constant discharge pumping test to gather the necessary data to characterize

aquifer properties in the upper portion of the Bouse Formation aquifer, including aquifer parameters,

boundary conditions, potential vertical flow induced by pumping, and properties of the clay stratum at

the top of the Bouse Formation.

SUMMARY OF WORK PERFORMED

Pre-Field Activities

A Project Safety Plan was prepared for the work. In addition, the following permits were obtained for

the work:

 A Temporary Use Permit Application (SF-299) was submitted to the United States

Department of the Interior, Bureau of Land Management (BLM) and a Finding of No

Significant Impact (FONSI) was issued on ???. The SF-299 and NOI are included in

Attachment 1.

 Well installation permits were obtained from the Riverside County Department of Health

Services and are included in Attachment 1.

 A Notice of Intent (NOI) was filed with the Colorado River Basin Regional Water Quality

Control Board (RWQCB) to discharge groundwater from well development activities and

the aquifer pumping test to a spray field. The NOI and Letter of Authorization from the

RWQCB are included in Attachment 1.
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Shallow Observation Well 1 (OBS-1)

A shallow monitoring well was initially constructed at the site by drilling a nominal 10-inch diameter

boring to approximately 160 feet below ground surface (bgs) using Air Rotary Casing Hammer (ARCH)

drilling methods. Lithologic logs were prepared in accordance with Unified Soil Classification System

(USCS) methodologies and American Society of Testing Materials (ASTM) guidelines. Samples were

collected approximately every ten feet and screened for classification. The well construction details

and lithologic log are included in Attachment 2. The final lithologic log was adjusted based on

geophysical logging of the test well and transducer boring (included in Attachment 3) and results of the

physical analysis of soil samples for hydrogeologic parameters by a geotechnical laboratory included in

AFC Appendix Subset D.7.

The total well depth is approximately 155 feet bgs using 4-inch diameter, Schedule 80 PVC casing and

factory-slotted screen with 0.010-inch perforations. The screened interval was placed from 100 to 150

feet bgs above a five-foot silt trap. All annular materials were placed using a PVC tremie pipe. # 2/16

Lapis Lustre sand was placed as a filter pack to approximately 10 feet above and 5 feet below the

screened interval. The filter pack was surged with fresh water to verify compaction and depth of

placement. The annular seal, consisting of a 5-foot transition seal (hydrated bentonite chips), 65 foot

grout seal, and 20 foot neat cement seal, were installed above the filter pack to ground surface per

California Well Standards (Bulletin 74-90) and County of Riverside well permit requirements. The well

was completed on May 9, 2009. Observed depth to groundwater in the shallow monitoring well was

approximately 76.77 feet bgs, as measured on May 25, 2009. The Lithologic Log of OBS-01 shows the

observed depth to groundwater.

The well was developed by lowering a surge block to draw fine grained material into the well followed

by bailing until most fines/particulates were removed from the well. Groundwater was then pumped

until the water was relatively clear. The water was pumped to and retained in on onsite water storage

tank and was used to supply water for on-site operations including dust control and road repair.

Test Well (TW-1)

The test well was constructed at the site by drilling a 10-inch diameter boring to approximately 564 feet

bgs using the Mud Rotary drilling method. A lithologic log was prepared in accordance with Unified

Soil Classification System (USCS) methodologies and American Society of Testing Materials (ASTM)

guidelines. The well construction details and lithologic log is attached to this appendix. The final

lithologic log was adjusted based on geophysical logging of the test well and transducer boring

(included in Attachment 3) and results of the physical analysis of soil samples for hydrogeologic

parameters by a geotechnical laboratory included in AFC Appendix Subset D.7.

Following the drilling of the borehole, the mud was conditioned and a down-hole geophysical survey of

the borehole was performed by Pacific Surveys. The geophysical suite included acoustic (sonic)

velocity, variable density, short and long normal resistivity, lateral log spontaneous potential, gamma-

ray, borehole deviation, and caliper. The results of the survey are included in Attachment 3.

Following the geophysical survey, the well was installed to approximately 555 feet bgs using 5-inch

diameter mild steel casing and wire wound screen with 0.030-inch perforations. The screened interval

was placed from 350 to 550 feet bgs above a 5-foot silt trap. All annular materials were placed using a

PVC tremie pipe. A sand pack consisting of # 3 Lapis Lustre sand was placed as a filter pack to
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approximately 10 feet above and 14 feet below the screened interval. The filter pack was surged with

fresh water to verify compaction and depth of placement. The annular seal, consisting of a 7-foot

transition seal (hydrated bentonite chips), 313 foot bentonite grout seal, and a 20 foot neat cement

seal, was installed above the filter pack to ground surface according to California Well Standards

(Bulletin 74-90) and County of Riverside well permit requirements. The installation was completed on

May 22, 2009. Observed depth to groundwater in the test well was approximately 88.26 feet bgs, as

measured on May 23, 2009. The Adjusted Lithologic Log of TW-1 shows the observed depth to

groundwater.

The well was developed by lowering a surge block to draw fine grained material into the well followed

by bailing until most fines/particulates and residual drilling mud were removed from the well.

Groundwater was then pumped until the water was relatively clear.

Observation Well 2 – Direct Buried Pressure Transducer Assembly
(OBS-2)

Following the installation of the test well, a 8-inch borehole was advanced to approximately 230 feet

using the dual wall reverse circulation method, and then to 900 feet bgs using the Mud Rotary drilling

method. Soil core samples were collected for logging and laboratory testing at 5-foot vertical intervals

to a depth of approximately 75 feet bgs using a Modified California split spoon sampler driven using a

standard 140-pound hammer. In addition, soil core samples were collected from depths of

approximately 600, 700 and 800 feet bgs using a hammer-driven Simulprobe
®

.A lithologic log was

prepared in accordance with USCS methodologies, ASTM guidelines, and based on laboratory grain

size analysis from selected samples and geophysical logs obtained from the borehole. The final

lithologic log was adjusted based on the cuttings logs from the shallow monitoring well and the test

well, the geophysical log from the test well and geophysical logging of the boring drilled for OBS-2.

The well construction details and lithologic log is included in Attachment 2. The results of the physical

analysis of soil samples for hydrogeologic parameters is included in Appendix Subset D.7.

Following the drilling of the borehole, the mud was conditioned and a down-hole geophysical survey of

the borehole was performed by Pacific Surveys. The geophysical suite included short and long normal

resistivity, lateral log and gamma-ray. The results of the survey are included in Attachment 3.

Depth-discreet groundwater samples were collected from approximately 600, 700, and 800 feet bgs

using BESST, Inc. Simulprobe
®

sampling methodologies. The Simulprobe
®

is a split-spoon sampler

with integral groundwater grab sampling capabilities. Simulprobe operating procedures and additional

information can be found on the BESST, Inc. website http://www.besstinc.com/. Laboratory analytical

reports for these analyses are included in AFC Appendix Subset D.3.

After completion of geophysical logging, the boring was backfilled to a depth of approximately 405 feet

bgs with bentonite grout using the tremie method. The remaining boring was then reamed using a 10-

inch bit. After reaming the mud was removed and thinned, and four Geokon vibrating wire pressure

transducers were installed at depths of approximately 400, 370, 315, and 270 feet bgs. The pressure

transducers were placed within sand filter packs consisting of # 3 Lapis Lustre sand placed above the

below the transducer. Transducer sand pack intervals were separated by hydrated bentonite chips. All

annular materials were placed using a PVC tremie pipe. The installation was completed on July 2,

2009. The Lithologic Log of OBS-2 shows the subsurface lithology and completion details for the

transducers.
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Pumping Test

Prior to the pumping test, water levels were measured in wells TW-1 and OBS-1. Pressure tranducers

with vented cables were installed in the shallow observation well and the test well to measure water

levels for the duration of the pumping test. A pump capable of achieving approximately 100 gpm was

installed in the test well. The pump was set at approximately 260 feet bgs.

From July 9 to 16, 2009, a seven day constant discharge pumping test was started. Groundwater

discharge was periodically monitored using a flow totalizer and flow meter and recorded. The

discharge was maintained at 87 gpm within +/- 5% for the duration of the test. A continuous (24-

hours/day) source of power to the pump was maintained for the duration of the pumping test. Hand

water level measurements were collected periodically for later comparison to pressure transducer read-

outs. Real-time monitoring of pressure transducer data in the data logger was conducted to assess

drawdown magnitude and verify the pressure transducers were functioning properly. Electrical

conductivity, pH, and total dissolved solids (TDS) measurements were collected at regular intervals for

the duration of the test using a Hannah Instruments multimeter. Groundwater samples were collected

from the pump discharge at the beginning, middle and end of the pumping test and analyzed for

general mineral parameters, major cations and anions, trace metals, and gross alpha radiation. The

results of the analysis are included in AFC Appendix Subset D.3.

Pump test water was discharged to a holding tank and disposed to a spray field under permit from the

RWQCB. The spray field was moved twice a day to decrease salt loading of the ground surface due to

the salinity of the water being discharged.

The pump was turned off on July 16, 2009, Transducer water level data were collected for a full seven

day recovery period after cessation of pumping. After completion of the recovery period, the pump was

removed from the well and the spray field was demobilized.
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ATTACHMENT 1: PERMITS
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ATTACHMENT 2: BORING LOGS AND WELL COMPLETION DETAILS
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Lithologic Log of OBS-01

Genesis Solar, LLC
Project Number: 52004617

Date Drilled: 05/08/2009 to 05/09/2009 Borehole Location: N33°40' 24.91" W1 15°03'5.85"

Drilling Method: Air Rotary, 10" Diameter Ground Surface Elevation: 383 feet amsl

Drilling Contractor: WDC Exploration Static Water Level: 76.77 feet amsl

Geologist: Ryan Farrel Reviewer: Nat Beal Total Depth: 160 ft Well Depth:
Notes:

USCS
Soil
Type

Geologic Description

Remarks Well Schematic

SM Silty Sand, well graded, dry Collected off top of spoils could be
biased to finer grains.

SC Clayey Sand, ~ 40% clay, ~ 60% fine - coarse
sand, trace fine subangular gravel, 10YR 5/4
(Yellowish brown)

SM Silty fine sand, trace subangular fine gravel,
slightly moist, 10YR 5/4 (Yellowish brown).

CL Sandy lean Clay, fine sand, high dry strength,
medium plasticity, medium toughness, 10YR
5/4 (Yellowish brown).

Driller says he feels clay at 35 feet.

SP Poorly graded fine Sand with silt,
approximately 20% silt, dry, 10YR 5/4
(Yellowish brown).

Driller says back into sand at 40 feet.

Neat Cement

Well Casing -
S c h e d - 8 0
PVC. 5"

0

10

20

0

10

20

30

40



Lithologic Log of OBS-1
Genesis Solar, LLC

Project Number: 52004617
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Grout

Transition
Seal -
Bentonite
Chips

Filter Pack -
#2/16 Lapris
Lustre Sand

SC Clayey Sand, moist, 1 0YR 5/4 (Yellowish
brown).

SM Silty Sand, fine sand, low plasticity, low
toughness, slightly moist, 10YR 5/4 (Yellowish
brown).

SC Clayey Sand, fine sand, trace angular gravel,
1 0YR 5/4 (Yellowish brown)

CL/SC Sandy lean Clay/Clayey Sand, fine sand, 10YR
5/4 (Yellowish brown)

SC Clayey Sand, wet, fine sand, 1 0YR 5/4
(Yellowish brown)

First water/cap fringe observed at
approx. 95 feet

CH Fat Clay, high toughness, high plasticity, 1 0YR
5/4 (Yellowish brown)

No cuttings. Cuttings discharge
hose clogged with sediment. Likely
clay. Added water to clear cuttings.
Logged fat clay in adjacent TW-1.

SC Clayey Sand, ~ 60% fine sand, ~ 40% clay,
10YR 5/4 (Yellowish brown).

Water level in borehole at 113 feet
bgs on 5/10/09.

60

70

80

90

100

110

50 50

60
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Lithologic Log of OBS-1

Genesis Solar, LLC
Project Number: 52004617

Screened
Interval -
Sched-80
PVC/0.02
inches

Page 3 of 3

120

130

140

150

160

120

140

CL Sandy lean Clay, med-high plasticity, med
toughness, 10YR 5/4 (Yellowish brown).

SM Silty Sand, fine sand, 10YR 5/4 (Yellowish
brown).

SC/CL Clayey Sand/Sandy lean Clay, fine sand, 10YR
5/4 (Yellowish brown)

CL/CH
Sandy lean Clay/Sandy Fat Clay, ~ 30% fine
sand, 10 YR 5/3 (brown).

Color change

130

150

160
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Lithologic Log of OBS-2

Genesis Solar, LLC
Project Number: 52004617

Date Drilled: 05/28/2009 to 07/02/2009 Borehole Location: N33°40.419' W1 15°03.268

Drilling Method: Mud Rotary, 10" Diameter Ground Surface Elevation: 383 feet amsl

Drilling Contractor: WDC Exploration Static Water Level: N/A

Geologist: Andie Gehlhausen Reviewer: Nat Beal Total Depth: 900 ft Well Depth: 405 ft
Notes:
1) The upper 160 ft was adjusted based on the cuttings log from OBS-1 and the geophysical logs
2) From 160 ft to 550 ft the log was adjusted based on the cuttings logs and geophysical logs for this well and TW-1.
3) From 550 ft to 900 ft the log was adjusted based on the borehole geophysical logs for this well.
4) RSN and RLS have been corrected to 77 degrees F

GEOPHYSICAL LOGS

RLN
0 (OHM-M) 15

Blows
(6")

RSN
0 (OHM-M) 15

Gamma

40 (GAPI) 140
Recovery
0 %100

USCS
Soil
Type

Geologic Description

Remarks Well Schematic

SW
Well graded Sand with gravel,
f i nd t o c o a rs e s a nd s u b -
rounded, gravel very angular
to angular, color 10YR 5/4
(yellowish brown).

S

Silty Sand, dry

SP Poorly graded Sand, fine to
medium, trace gravel and silt.

Clayey Sand, ~40% clay,
~60% fine to coarse sand,
trace fine subangular gravel,
10YR 5/4 (Yellowish brown).

S i l t y f i n e s an d , t ra c e
subangular fine gravel, slightly
moist, 1 0YR 5/4 (Yellowish
brown).

Poorly graded Sand, fine
sand, some silt and clay, trace
gravel.

Sandy lean Clay, fine sand,
high dry strength, medium
plasticity, medium toughness,
10YR 5/4 (Yellowish brown).

25 feet - Torvane:
2.5

30 feet - 3.75 push
test, Torvane: 1.0

35 feet- 3.25 push
test, Torvane: 1.5

Poorly graded Sand with silt,
fine, ~20% silt, dry, 10YR 5/4
(Yellowish brown).
Sandy Clay, fine sand, dry.
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SC Clayey Sand, moist, 10YR 5/4
(Yellowish brown).
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Lithologic Log of OBS-2

Genesis Solar, LLC
Project Number: 52004617

SM
Silty Sand, fine sand, slightly
moist, 1 0YR 5/4 (Yellowish
brown) with clay lenses

CL Clay with silt and sand. 70 feet - 1.5
unconfined
compressive
strength

SC
Clayey Sand, fine sand, trace
angular gravel, 1 0YR 5/4
(Yellowish brown)

75 feet - 0.75
unconfined
compressive
stength

CL/SC
Sandy lean Clay/Clayey Sand,
fine sand, 10YR 5/4
(Yellowish brown)

Clayey Sand, fine sand, 10YR
5/4 (Yellowish brown)

SC

CL/SC

CH
Fat Clay, high toughness, high
plasticity, 1 0YR 5/4
(Yellowish brown).

SC Clayey Sand

CL
Sandy lean Clay, med-high
plasticity, med toughness,
10YR 5/4 (Yellowish brown).

60

70

80

90

100

110

120

55 ft - 59

10"
V. Dense

60
60 ft - 61

and
for 7"

V. Dense

65 ft - 65

V. Dense

for 6"
100

70
70 ft - 22
for 6", 34
for 12"

100
14"
Har

75 ft - 36
for 6", 58
for 12"

for 0"
V. Dense

&
fo

80

90

100

110

120
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Transition
Seal -
Bentonite
Chips

130

140

150

160

170

180

190

200

SM
Silty fine Sand, micaceous,
1 0YR 5/4 (Yellowish brown)

SC/CL
Clayey Sand/Sandy lean Clay,
fine sand, micaceous, 1 0YR
5/4 (Yellowish brown)

CH
Fat Clay with fine sand, high
toughness, high plasticity,
2.5Y 5/2 (grayish brown).

Color change

ML
Sandy silt, color 2.5Y 5/3 (light
olive brown)

Color change

SM
Silty Sand, fine sand, 2.5Y 5/3
(light olive brown).

SP
Poorly graded fine Sand with
silt, micaceous, 2.5Y 5/3 (light
olive brown).

200

130

140

150

160

170

180

190
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Filter
Pack -
#2/16
Lapis
Lustre
Sand
Buried
Pressure
Transducer

215 ft - 12

SM/ML
Silty sand/sandy silt, fine
sand, micaceous, 2.5Y 5/3
(light olive brown).

CL Clay
Not observed in
cuttings. based on
geophysical log

ML/SM
Sandy Silt/Silty Sand, fine
sand, trace angular fine
gravel, color 2.5Y 5/2 (grayish
brown)

CL
Lean Clay with silt, ~ 64.64%
clay and 34.07% silt, ~.1 .29%
trace fine sand, angular fine
sandstone gravel (5-7%),
medium dry strength, color
2.5Y 5/1 (Grey)

Grab sampl e at
2 66 f e e t i n w e l l
TW-1. Descritpion
is based in part on
laboratory grain
size analyis. Color
change.

for 6", 18
for 12"

31 for
18"
Med.
Dense

and

210

220

230

240

250

260

270

210

220

230

240

250

260

270
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Transition
Seal -
Bentonite
Chips

Buried
Pressure
Transducer

Filter
Pack -
#2/16
Lapis
Lustre
Sand

Transition
Seal -
Bentonite
Chips

280

290

300

310

320

330

340

350

Lithologic Log of OBS-2

Genesis Solar, LLC
Project Number: 52004617

ML
Sandy Silt, fine sand, trace
angular fine sandstone gravel,
2.5Y 5/3 (light olive brown).

Color change

SC/CL
Sandy Clay/Clayey Sand,
sand is fine to medium grain
size, 2.5Y 5/3 (light olive
brown).

SM/ML
Silty Sand/Sandy Silt, fine
g ra i n e d s a nd , s an d i s
micacious, trace fine angular
gravel, 2.5Y 5/2 (grayish
brown).

Color change.

SM
Silty fine Sand, 2.5Y 5/3 (light
olive brown),.

ML/SM
Sandy Silt/Silty Sand, some
clay (approx. 7-10%), 2.5Y 5/3
(light olive brown).

CL
Clay with silt, 71.09% clay and
28.91% silt, 2.5Y 5/3 (light
ol ive

b r o wn )

Description is
based on
laboratory grain
s i ze a n a l ys i s .
Ge o t ec h n i c a l
sam p l e w as
collected at
a p p r o x i m a t e l y

3 6 0

280

290

300

310

320

330

340

350
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Clay with silt, and trace fine
sand, 57.24% clay, 41 % silt
and 1.76 % sand. At 420'
color change 2.5Y5/2 (grayish
brown), becomes finer with
depth Clay (67.24%) with silt
(32.74%).

Color change.
Description is
b as e d o n
laboratory grain
size analysis.
Geotechnical
samples were
collected at
approximately 420
and 440 feet bgs.
The depth of the
440-foot sample
may be slightly off
or the sample is
slough from this
interval.

360

Filter
Pack -
#2/16
Lapis
Lustre
Sand

Buried 370
Pressure
Transducer

Transition
Seal -
Bentonite
Chips

390

Filter
Pack -
#2/16
Lapis
Lustre
Sand

Buried 400
Pressure
Transducer
Screened
Interval -
Sched-40
PVC/0.02
Inches

410

420

430

380

Page 6 of 13

Poorly graded fine Sand with
s i l t , t r ac e f i n e a n g u l a r
sandstone gravel, 2.5Y 5/3
(light olive brown), trace gravel
disappears at 385-41 0 ft bgs.

f e e t b gs . T h e
depth of the
geotechnical
sample collected
maybe slightly off
or the sample is
slough from this
interval.

Clay

Poorly graded fine sand,
5Y7/1 (light grey).

Sandy silt, silt 47.91% and fine
sand 44.74% with trace clay
(7.36%), 5Y7/1 (light grey).

Poorly graded fine sand with
s i l t , t r ac e f i n e a n g u l a r
sandstone gravel 5Y7/1 (light
grey).

360 ft - 16

for 6"
for 12"and
33 for 18"
V. Stiff

380 ft -
100 for
<6" and
200 for
<6"
Hard

ft -

for 6"
Hard

420 ft - 30

for 6"and
for 1"100

Hard

SP

CL

SP

ML

SP

CL

18

400

100

430

400

410

420

360

370

380

390

Color change.

Description is
b as e d o n
laboratory grain
size analysis.
Geotechnical
sample was
collected at
approximately 400
feet bgs.
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andfor 6"
for 0"100

470 ft - 45
for 6" and

for 7"100
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Genesis Solar, LLC
Project Number: 52004617

SC
Clayey Sand, fine to medium
sand, 2.5Y5/2 (grayish brown)

CL Clay
Not observed in
cuttings. based on
geophysical log

SP
Poorly graded fine Sand with
silt, 2.5Y5/2 (grayish brown)

SC/CL
Clayey Sand/Sandy Clay,
2.5Y5/2 (grayish brown)

SC
Clayey Sand, fine sand,
2.5Y5/2 (grayish brown)

CL Clay
Not observed in
cuttings. based on
geophysical log

430

440

450

460

470

480

490

500

430

440
440 ft - 25

Har

450

460

470

Har

480

490

500
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510 ft - 38
for 6" and
100 for 7"
Hard

540 ft

100 for 6"
V. Dense

510

520

530

540

550

560

570

580

550 ft - 2
andfor 6"

for 0"100
Har

SP Sand
Not observed in
cuttings. based on
geophysical log

CL Clay with silt and trace fine
sand, 46.21% clay, 45.22% silt
and 8.57% sand, 2.5Y5/2
(grayish brown) .

Descripition is
based on
laboratory grain
size analysis.
Geotechnical
sample was
collected at
approximaltely
510 feet bgs from
OBS-2.

SC Clayey Sand, fine sand,
medium plasticity, low
toughness, 2.5Y5/2 (grayish
brown).

CL Clay Not observed in
cuttings. based on
geophysical log

SC Clayey sand, fine sand.

CL Clay with silt, 74.41% clay and
25.88% silt, 2.5Y5/2 (grayish
brown)

Description is
based on
laboratory grain
size analysis.
Geotechnical
sample was
collected at 550
feet bgs.

SC Clayey sand

CL Clay with silt and trace fine
sand, 53.48% clay, 44.92% silt
and trace 1.59% fine sand.

Description based
on laboratory grain
size analysis.
Geotechnical
sample collected
at 700 feet bgs.

510

520

530

540

550

560

570

580
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Similprobe Sample

SC Clayey sand
Not observed in
cuttings. based on
geophysical log

CL Clay
Not observed in
cuttings. based on
geophysical log

SC Clayey sand
Not observed in
cuttings. based on
geophysical log

CL Clay
Not observed in
cuttings. based on
geophysical log

580

590

600

610

620

630

640

650

580

590

600

610

620

630

640

650

for 6", 30
for 12"

600

and
18"

ft - 16

83 for



SC Clayey sand

ML/CL
Interbed silt with clay/clay with
silt. At 700 feet bgs Silt with
clay, 51.14% silt and 48.86%
clay

Geotechnical
sample was
collected at 600
feet bgs for
laboratory grain
size analysis.

Similprobe Sample

SM Silty sand Not observed in
cuttings. based on
geophysical log

700 ft - 14

87 forand

660

670

680

690

700

for 6", 33
for 12"

18"

710

720

730

660

670

680

690

700

710

720

730
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CL Clay
Not observed in
cuttings. based on
geophysical log

SC Clayey sand
Not observed in
cuttings. based on
geophysical log

SP
Sand, interbed of clayey sand
at 766 and 773 feet bgs

Not observed in
cuttings. based on
geophysical log

CL
Silty sand with trace clay,
67.78% fine sand , 29.01%
silt, and 3.22% clay.

Description is
based on
laboratory grain
size analysis.
Geotechnical
sample was
collected at 600
feet bgs.

Similprobe Sample

SM Silty sand

730

740

750

760

770

780

790

800

730

740

750

760

770

780

790

800
800
for 6", 37
for 12"

and
17"

ft - 25

29 for



CL Clay
Not observed in
cuttings. based on
geophysical log

SC Clayey Sand
Not observed in
cuttings. based on
geophysical log

CL Clay
Not observed in
cuttings. based on
geophysical log

SP
Sand with an interbed of clay
between 876 and 878

Not observed in
cuttings. based on
geophysical log

810

820

830

840

850

860

870

880

810

820

830

840

850

860

870

880
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880 880

CL Clay Not observed in
cuttings. based on
geophysical log

890

900

890

900
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Adjusted Lithologic Log of TW-1

Genesis Solar, LLC
Project Number: 52004617

Date Drilled: 05/15/2009 to 05/18/2009 Borehole Location: N33°40.419' W1 15°03.268

Drilling Method: Mud Rotary, 10" Diameter Ground Surface Elevation: 383 feet amsl

Drilling Contractor: WDC Exploration Static Water Level: 86.26 feet amsl

Geologist: Nat Beal Reviewer: Nat Beal Total Depth: 564 ft Well Depth: 555 ft
Notes:
1) The upper 160 ft were adjusted based on the cuttings log from OBS-1 and the geophysical logs
2) From 160 ft to 550 ft the log was adjusted based on the borehole geophysical logs for this well and geotechnical samples collected from
well OBS-2.
3) RLN and RSN logs have been corrected to 77 degrees F

GEOPHYSICAL LOGS

RLN
0 (OHM-M) 10

RSN
0 (OHM-M) 10

Gamma

40 (GAPI) 140
USCS
Soil
Type

Geologic Description

Remarks Well Schematic

SW Well graded Sand with gravel, find to
coarse sand sub-rounded, gravel
very angular to angular, color 1 0YR
5/4 (yellowish brown).

SM Silty sand, dry.

SC Clayey Sand, ~40% clay, ~ 60% fine
- coarse sand, trace fine subangular
gravel, 10YR 5/4 (Yellowish brown).

SM Silty fine sand, trace subangular fine
gravel, slightly moist, 10YR 5/4
(Yellowish brown).

CL Sandy lean Clay, fine sand, high dry
strength, medium plasticity, medium
toughness, 10YR 5/4 (Yellowish
brown).

SP Poorly graded Sand with silt, fine, ~
20% silt, dry, 1 0YR 5/4 (Yellowish
brown).

0

10

20

30

40

N e a t

Cement

0

10

20
30

40
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60

80

SC Clayey Sand, 10YR 5/4 (Yellowish
brown).

SM Silty Sand, fine sand, low plasticity,
low toughness, slightly moist, 1 0YR
5/4 (Yellowish brown).

SC
Clayey Sand, fine sand, trace
angular gravel, 1 0YR 5/4 (Yellowish
brown)

SM Silty Sand, fine sand, some clay
likely (10%), 10YR 5/4 (Yellowish
brown).

CH Fat Clay, high toughness, high
plasticity, 10YR 5/4 (Yellowish
brown).

Large chunks of
clay came out of
the boreho le
(10-12 inches)
between 100
and 120 feet
bgs.

60

70

80

90

100

110

50 50

70

90

100

110
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CL Sandy lean Clay,10YR 5/4
(Yellowish brown).

SM Silty fine Sand, micaceous, 10YR
5/4 (Yellowish brown), interbeds of
clay beteween 128 and 130 feet bgs
and 142 and 144 feet bgs.

SC/CL Clayey Sand/Sandy lean Clay, fine
sand, micaceous, 10YR 5/4
(Yellowish brown)

Large chunks of
clay came out of
the boreho le
(10-12 inches).
Color change.

CH Fat Clay with fine sand, high
toughness, high plasticity, 2.5Y 5/2
(grayish brown).

Color change,
large chunks of
clay came out of
the boreho le
(10-12 inches).ML Sandy Silt, low toughness, low

plasticity, 2.5Y 5/3 (light olive brown) Color change

120

130

140

150

160

170

130

150

170

Grout

120

140

160
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180

190

200

210

220

230

240

180

200

220

240

SM Silty Sand, fine sand, 2.5Y 5/3 (light
olive brown).

Rig chatter at
192 to 195 feet
bgs, could be
boulder/cobble

SP Poorly graded fine Sand with silt,
micaceous, 2.5Y 5/3 (light olive
brown).

SM/ML Silty sand/sandy silt. Poorly graded
fine sand, micaceous. Interbeds of
clay betwenn 224 and 226 feet bgs
and at 232 feet bgs.

Rig chat ter at
215 feet bgs ,
cou ld be
boulder/cobble.
Harder to drill
around 225 feet
bgs. Rig chatter
at 237 feet bgs,
cou ld be
boulder/cobble.

CL Clay
Not observed in
cuttings, based
on geopysical
log

190

210

230
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250

260

270

280

290

300

310

260

280

300

ML/SM Sandy Silt/Silty Sand, fine sand,
trace angular fine gravel, color 2.5Y
5/2 (grayish brown)

Color change.

CL Clay Not observed in
cuttings, based

on geopysical
log

ML/SM Sandy Silt/Silty Sand, fine sand,
trace angular fine gravel, color 2.5Y
5/2 (grayish brown)

CL Lean Clay with silt, ~ 64.64% clay
and 34.07% silt, ~1.29% trace fine
sand, medium toughness, med
plasticity, angular fine sandstone
gravel (5-7%), medium dry strength,
color 2.5Y 5/1 (Grey)

Grab Sample at
266 feet.
Description is
based in part on
laboratory grain
size analysis.
Color change.

ML Sandy Silt, fine sand, trace angular
fine sandstone gravel, 2.5Y 5/3 (light
olive brown).

Color Change

SC/CL Sandy Clay/Clayey Sand, sand is
fine to medium grain size, 2.5Y 5/3
(light olive brown).

SM/ML Silty Sand/Sandy Silt, fine grained
sand, sand is micacious, trace fine
angular gravel, 2.5Y 5/2 (grayish
brown).

Color change.
Rig chatter at
316 ft bgs could
be a boulder or
large cobble.
Chatter did not
result in the
appearance of
larger grain
material

250

270

290

310
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Adjusted Lithologic Log of TW-

1

Genesis Solar, LLC
Project Number: 52004617

Silty fine Sand, 2.5Y 5/3 (light olive
brown),.

310

SM

ML/SM

CL

SP

320

330

340

350

360

370

Descr ip t i on
based on
laboratory grain
size analysis.
Geotechnical
sample was
collected at ~
360 feet bgs
from OBS-2.
Depth of the
geotechnical
sample
collected maybe
slightly off or
the sample is
slough from this
interval.

310

330

Transition
Seal -
Bentonite
Chips

340

F i l t e r
Pack - #3
Lapis
Lustre
Sand

350

370

320

360
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Sandy Silt/Silty Sand, some clay (~
7-10%), 2.5Y 5/3 (light olive brown).

Clay (71 .09%) with silt (28.91%), 71 .09% clay and
28.91% silt, 2.5Y 5/3 (light olive brown).

Poorly graded fine Sand with silt, trace fine angular sandstone
gravel, 2.5Y 5/3 (light olive brown), trace gravel disappears at 385-
410 ft bgs.

Rig Chatter at 355 feet
bgs. & 375 feet bgs,
likely
boulder/large cobb le .
Rig Chatter 395 to 400
ft bgs could be

boulder/cobble.
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380
ClayCL

380

SP

390

Poorly graded fine Sand, 5Y7/1 (light
grey).

Color change.

390

Sandy SiltML

Poorly graded fine Sand.SP

ML

400 400

Sandy silt, silt 47.91% and fine sand
44.74% with trace clay (7.36%).

410 410

SP

420 420

430 430

CL Color change.
Description is
based on
laboratory grain
size analysis.
Geotechnical
samples were
collected at
approximately
420 and 440
feet bgs from
OBS-2. The
dept h of the
440-foot sample
may be slightly
o f f or the
sample is
slough from this
interval.

Clay with silt, and trace fine sand,
57.24% clay, 41 % silt and 1.76 %
sand. At 420' color change 2.5Y5/2
(grayish brown), becomes finer with
dept h Clay (67. 24%) wi th s i l t
(32.74%).

SC Clayey Sand, fine to medium sand,
2.5Y5/2 (grayish brown)

440 440

Not observed in
cuttings, based
on geopysical
log

Not observed in
cuttings, based
on geopysical
log

Descritipon is
based
laboratory
geotechnical
grain size
analysis.
Geotechnical
sample was
collected at
approximatley
400 feet bgs
from OBS-2.
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Sched -
40 wire
wrap/0.04
inches.
Screened
Interval

, t

Page 8 of 9

480

500

450

460

470

480

490

500

SP Sand Not observed in
cuttings, based
on geopysical
log

SC Clayey Sand, fine to medium sand,
2.5Y5/2 (grayish brown)

CL Clay Not observed in
cuttings, based
on geopysical
log

SP Poorly graded fine Sand with silt,
2.5Y5/2 (grayish brown)

SC/CL Clayey Sand/Sandy Clay, 2.5Y5/2
(grayish brown)

SC Clayey Sand, fine sand, medium
plasticity, low toughness, 2.5Y5/2
(grayish brown)

CL Clay Not observed in
cuttings, based
on geopysical
log

SC plasticity At 506 ft
Clayey Sand, fine sand, medium

450

460

470

490
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bgs the percent sand increases
slightly, 2.5Y5/2 (grayish brown).

CL Clay with silt and trace fine sand,
46.21% clay, 45.22% silt and 8.57%

Descripition is
based on

sand, 2.5Y5/2 (grayish brown) . laboratory grain
size analysis.
Geotechnical

SC Clayey Sand, fine sand, medium sample was
plasticity, low toughness, 2.5Y5/2 collected at
(grayish brown). approximaltely

510 feet bgs
from OBS-2.

Rig Chatter at
515 and 518 ft
bgs could be a
boulder or
cobble

CL Clay with silt, 74.41% clay and Description is
25.88% silt, 2.5Y5/2 (grayish brown). based on

laboratory grain
size analysis.
Geotechnical
sample was
collected at 550
feet bgs.

510

520

530

540

550

560

510

520

530

550

560

540







Well Name: OBS-2

File Name: J:\WorleyParsons\WP01 59000\Geophysics\Log Data\Well OBS-2\View Log\OBS 02_presentation2.HDR

Location: FORD DRY LAKE. GPS: N33*40.419' W115*03.268

Logged: 06/20/09

Screened
Interval

OBS-1 OBS-2 TW-1
-200 -150 -100 -50 0 5040 60 80 100 120 140 0 5 10 1500

Feet

5000 10000 15000 20000 25000 30000

First Groundwater

Confining Clay

Bouse Formation

Calculated TDS:

5860to18900mg/L
Interbedded
sand, s i l t
and clay

GW Sample from TW-1

TDS: 9500 mg/L

Calculated Formation

Factor: 1

Calculated
TDS: 3800 to 7650

mg/L

Interbedded

s i l t s and

clays

GW Sample TDS: 5000 mg/L
Formation Factor: 8.5
Calculated

TDS: 3660 to 6250 mg/LCalculated

Interbedded

sands and

clays

Saturated
Alluvium

Unsaturated
Alluvium

Calculated TDS: 4860 to 30500 mg/L

Unsaturated

alluvium -

interbedded
sand and

clay

Saturated

alluvium -
interbedded

sand, s i l t

and clay

-50

-100

-150

-200

-250

-300

-350

-400

-450

-500

-550

-600

-650

-700

-750

-800

-850

-900

SP(MV) GR (GAPI) Corr-RLN (OHM-M)

Corr-RSN (OHM-M)

TDS (mg/L)

260'

540'

780'

80'

SP = Spontaneous Potential Log
GR = Natural Gamma Counts Log
Corr-RSN = Short Resistivity Log Corrected to 77 degrees F
Corr-RLN = Long Resistivity Log Corrected to 77 degrees F
TDS = Calculated from the formation water salinity determined from the Formation Factor (8.5 for 550 to 800 ftbgs and 12 for 0 to 550 ftbgs)

PRELIMINARY
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 I  INTRODUCTION 

 

 

   This report presents the results of a geophysical investigation performed at the Ford Dry Lake 

site.  The investigation was performed for WorleyParsons Group, Incorporated, by J R 

Associates.  Genesis Solar LLP proposes to develop a solar power plant north of Ford Dry Lake 

on land administered by the Bureau of Land Management (BLM) near Blythe in rural Riverside 

County, California.  The objectives of the investigation were: 

 

• Assess the depth to the water table at the Ford Dry Lake site. 
 

• Investigate whether the water table elevation at the Ford Dry Lake site is similar at the 
road end test well and the proposed solar plant location. 

 
• Investigate the subsurface stratigraphy at the site to a depth of approximately 1000 feet 

below the ground surface (bgs). 
 

• Investigate the subsurface groundwater salinity variations to a depth of approximately 
1000 feet bgs. 

 
 

   James Rezowalli, Principal Geophysicist, Garret Rhet, Technician, and Jeff Spackman, 

Technician, of J R Associates performed the field work in May 2009 with assistance from Tim 

Nordstorm, Crew Chief, and John Fleming, Geophysicist, of Zonge Engineering. 
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A.  Site Conditions 

 

   Drawing 1 shows the locations where geophysical data were collected.  The main area of 

interest was the Ford Dry Lake site.  Additional data were collected near three logged wells in 

the Froats Well test area.  The Ford Dry Lake site and the Froats Well test area are in the 

Chuckwalla Valley.  The geology in the area in descending order consists of younger alluvium, 

older alluvium, the Bouse Formation, fanglomerate, and consolidated bedrock1.  The younger 

alluvium consists of unconsolidated gravel, sand, silt, and clay alluvial deposits.  The older 

alluvium consists of moderately consolidated gravel, sand, silt, and clay alluvial fan deposits.  

The Bouse Formation is a marine and estuarine formation that was deposited on fanglomerate 

and bedrock.  Well logs in the area indicate the alluvium and Bouse Formation consist mainly of 

a mix of clays, silts, and sands. 

 

                                                 
     1Richard P. Wilson, Sandra J. Owen-Joyce, Method to Identify Wells That Yield Water That 
Will be Replaced by Colorado River Water in Arizona, California, Nevada and Utah, USGS 
Water-Resources Investigations Report 94-4005. 

   The USGS Report 94-4005 indicates the Chuckwalla Valley Groundwater Basin is tributary to 

the Colorado River Aquifer.  Static water levels indicate the groundwater table slopes eastward 

at about 1.3 feet per mile in the eastern portion of the Chuckwalla Valley Groundwater Basin 

where it joins the Palo Verde Mesa Groundwater Basin.  The referenced report presents 

elevations for the proposed “Colorado River Accounting Surface” in these basins.  Wells that 

have a static water level equal to or below the Accounting Surface are presumed to yield water 

that will be replaced by water from the Colorado River.  One purpose of our geophysical 

investigation was to investigate the static groundwater levels at the Ford Dry  



 
 3

site.  This information will help determine if the water table is above or below the accounting 

surface. 

 

   Well logs in the area indicate the alluvium and Bouse Formation consist mainly of a mix of 

clays, silts, and sands.  High total dissolved solids (TDS) levels are commonly found in the 

area’s wells.  The second goal of our investigation was to look for geophysical indications of 

changes in clay content and salinity to a depth of approximately 1000 feet bgs at the site and to 

look for changes in clay content and salinity laterally across the site.  This information will help 

determine the expected water quality and yield for proposed wells. 
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 II  METHODOLOGY 

 

   We used two geophysical methods in our investigation, seismic refraction and transient 

electromagnetics (TEM), and we reviewed existing well log and gravity data.  Seismic refraction 

was used to measure the depth to the water table.  For seismic refraction we generated a 

compressional (sound) wave that traveled through the ground and refracted off geologic layers 

with different seismic velocities (Drawing 2).  Dry unconsolidated alluvium has a compressional 

(P) wave velocity around 1200 to 2500 feet per second (fps).  Saturated unconsolidated alluvium 

has a P-wave velocity of around 5500 fps.  The contrast between the two P-wave velocities 

makes the top of the water table a good refractor. 

 

   TEM measures changes in electrical resistance with depth.  The TEM method involves pulsing 

a magnetic field which induces eddy currents in the ground (Drawing 2).  The eddy currents 

create a secondary magnetic field that decays with time.  The rate of decay is related to the 

resistivities of the formations below.  Clay is a good conductor of electricity.  Poorly sorted 

saturated sands and gravels are moderate conductors of electricity.  Dry sands, gravels, and 

consolidated rock are poor conductors of electricity.  Also, the resistivity of a formation goes 

down as the salinity of the pore fluid goes up.  Measuring electrical resistance with depth helps 

to determine if clays or high salinity pore fluids are present. 

 

   In addition to the two field techniques, we reviewed geologic and geophysical well logs 

provided by WorleyParsons and reviewed existing gravity data available from the USGS.  

WorleyParsons provided us drilling logs from the Froats and Jocado wells that are located four 

miles south of the Ford Dry Lake site.  Geological and geophysical logs from a new test well 

drilled in the Ford Dry Lake site were also provided.  Well logs were used to correlate known 
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geology, depth to bedrock, and groundwater salinity with the results of the seismic refraction and 

TEM results. 

 

   The USGS collected gravity data throughout the lower Colorado River basin and concatenated 

it together in an Open-File Report2.  The Bouguer and isostatic residual gravity map for the 

Chuckwalla Valley and Palo Verde Mesa were reviewed. The gravity data were used to provide 

estimates of the depth of the groundwater basins. 

 

A.  Instrumentation 

 

   Four 1000-foot long seismic refraction lines were collected at the Ford Dry Lake site 

(Drawings 3).  Each contained 24 geophones and three shot points.  The shot points were at both 

ends and in the middle of each line.  The shots consisted of small explosive charges typically 1/3 

to 2/3 pounds in size.  The geophones were connected to a Geometrics 24-channel Geode 

seismograph which in turn was connected to a laptop for storing and viewing the data.  The 

depth of penetration along the seismic lines was 300 feet bgs. 

 

                                                 
     2Mariano, John, Helferty, M.G., and Gage, T.B., Bouguer and Isostatic Residual Gravity 
Maps of the Colorado River Region, Including the Kingman, Needles, Salton Sea, and El Centro 
Quadrangles: US Geological Survey Open-File Report 86-347, 7 Sheets. 

   TEM data were collected at twelve locations, ten at the Ford Dry Lake site and two at the 

Froats Well site (Drawing 3, and 4).  Most of the TEM soundings used square loops that were 

600 feet on a side with the receiver approximately centered in the loop.  At two sites, one at Ford 

Dry Lake and one at the Froats Well site, the loops were 1200 feet on a side.  The two larger 

loops were used in an attempt to increase the depth of penetration at those locations.  Data were 

collected using a Zonge GDP-32/II receiver and either a NT-20EM or ZT-30 transmitter.   Data 
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were acquired at frequencies that varied from 2 to 16 Hz.  Stacking and averaging was used to 

improve the signal to noise ratio and all data were measured at least three times to establish 

repeatability.   

 

B.  Data Reduction 

 

   Seismic refraction data reduction began by picking the arrival times from the seismograph 

recordings.  An arrival time is the time a P-wave spent traveling from a shot point to geophone.  

The wave could either travel along the ground surface or be refracted from an interface between 

materials.  For a refraction to occur, the materials below the interface must have a greater P-

wave velocity than the materials above the interface.  The arrival times were entered into a 

computer program with elevation, location, and layer control information.  The elevation above 

sea level was determined from a USGS topographic map. 

 

   The interpretation program, FSIP, performs a first approximation delineation of the refracting 

horizons using a delay-time method.  The approximation is then tested and improved by the 

program's ray-tracing procedure in which ray travel times computed for the model are compared 

against measured travel times.  The model is subsequently adjusted iteratively to minimize the  

discrepancy between the computed and measured travel times.  A Bureau of Mines Report of 

Investigation describes the program3. 

                                                 
     3Scott, James H., Computer Analysis of Seismic Refraction Data, U.S. Dept. of Interior, 
Bureau of Mines. Report of Investigation 7595, 1972.  
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   One-dimensional smooth model inversions were generated for each of the 12 TEM soundings 

obtained during this investigation.  These numerically inverted resistivity results were obtained 

using inversion software (STEMINV ver. 3.20k) developed by Zonge Engineering.  By design, 

the smooth-model inversion produces the smoothest resistivity variation that can fit the data 

within specified smoothness and error tolerances.  Sharp resistivity boundaries in the subsurface 

are observed as relatively broad resistivity gradients in the smooth-model sections.  The 

smooth-model shows resistivity changes with depth using “warm” colors (orange and 

red) to indicate low resistivity and “cool” colors (green and blue) to indicate high resistivity.  

The color scales used for resistivity are consistent for all model soundings presented in this 

report.  Station labels are posted across the top of the models.  The smoothed inversion models 

show gradational changes in resistivity, rather than abrupt changes, irrespective of the actual 

geologic structure. 
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 III  RESULTS 

 

A.  Ford Dry Lake Site Refraction Profiles 

 

   The results of the computer analysis of the Ford Dry Lake site refraction data are presented in 

Drawing 5 and Table 1.  Drawing 5 contains two-dimensional diagrams showing the seismic 

layering and layer velocities measured along the refraction lines.  Table 1 summarizes the results 

presented in the drawing.   

 

Table 1.  Summary of Refraction Results 
 

Depth to  Layer 1 Layer 2    
Layer 2 Velocity Velocity   

Line   (feet)     (fps)    (fps)      
__________________________________________________________________ 
 
1  75 to 85 2600  5900 
2  69 to 76 2400  5900 
3  61 to 77 2600  5600 
4  79 to 94 2600  5800 
 
 
   We found two seismic layers beneath the Ford Dry Lake site.  The layers were distinguished 

by their compressional (P) wave velocities.  Layer 1 included the ground surface and had a P-

wave velocity of 2400 to 2600 fps.  The P-wave velocity and well logs indicated the first seismic 

layer consisted of dry alluvium. 

 

   The second seismic layer was distinguished by a P-wave velocity that ranged from 5600 to 

5900 fps.  The depth from the ground surface to the top of the second seismic layer ranged from 
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61 to 94 feet.  The P-wave velocity and well logs indicated the second seismic layer consisted of 

saturated alluvium.  The top of the second layer corresponded to the static level of the 

groundwater. 

 

B.  TEM and Well Log Comparisons 

 

Drawing 6 compares the geophysical and geologic logs of the test well to the three closest TEM 

soundings at the Ford Dry Lake site.  Both the TEM soundings and the geophysical well logs 

indicate the alluvium and Bouse Formation are very electrically conductive, 2 to 8 ohmmeters.  

The high conductivities indicate the alluvium and Bouse Formation are rich in clay and the 

groundwater is likely to have elevated TDS concentrations in the range of brackish water, (i.e. 

greater than 1,000 milligrams per liter (mg/L)).  Both the TEM soundings and the geophysical 

well logs show a small increase in resistivity with depth.  The long normal logs show the 

increase in resistivity at approximately 310 feet bgs and correlate closely with an increase in 

resistivity found in the TEM data at the same depth.  Above 310 feet bgs the long and short 

normal logs indicate the formation is less resistive a short distance from the borehole.  Below 

310 feet bgs the long and short normal indicate the formation gets more resistive a short distance 

from the borehole.  The slight increase in resistivity could be due to either a slight decrease in 

clay in the Bouse Formation with depth or a slight decrease in the salinity of the groundwater 

within the Bouse Formation with depth or a combination of both. 

 

   To help understand the factors contributing to the changes in resistivity with depth we looked 

for poorly sorted sand layers in the geologic log and selected two, one at 190 feet in the alluvium 

and one at 382 in the Bouse Formation (Drawing 6).  Because poorly sorted sand has little or no 

fines, we assumed most of the resistivity changes would be caused by salinity changes in the 

pore fluid rather than by changes in clay content.  In the alluvium sand layer the long and short 

normal logs indicated the alluvium becomes more conductive away from the borehole and there 

is a negative shift in the self potential (SP) log.  This is an indication that the groundwater 
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salinity is higher than the salinity of the drilling fluids.  In the Bouse Formation sand layer the 

long and short normal indicated the formation becomes more resistive away from the borehole 

and there is a positive shift in the SP log.  This is an indication that the groundwater is less 

conductive than the drilling fluids.  The normal and SP logs suggest that the increase in 

resistivity in the Bouse Formation is in part caused by a decrease in groundwater salinity.  A 

more quantitative assessment of the vertical salinity profile will be possible once vertically 

spaced groundwater samples are collected and the geophysical logs for the test well are 

quantitatively evaluated. 

 

C. Ford Dry Lake Site TEM Results  

 

   Drawing 7 shows the results of the TEM soundings collected at Ford Dry Lake.  The TEM data 

indicate the geology of the alluvium and Bouse Formation are very electrically conductive with 

resistivities in a narrow range between 2 to 6 Ohmmeter.  The clay content and TDS appear to 

change a bit with depth but change little across the site at a given depth.  There is a small but 

fairly consistent increase in resistivity with depth, from 2 to 6 Ohmmeters, starting around 300 

feet bgs.  The low resistivities indicate the alluvium and Bouse Formation are rich in clay and the 

groundwater will have a TDS in the brackish water range (i.e. above 1,000 mg/L).  The 

resistivity is slightly higher in the Bouse Formation than in the alluvium indicating the Bouse 

Formation may have less fine grained materials and the groundwater in the Bouse Formation 

may have a slightly lower TDS than the alluvium. 

 

D.  Froats Test Well Area  

 

   We collected two TEM soundings near the Froats well just south of Highway 10 (Drawing 8). 

One sounding was collected with a 600-foot loop and the other with a 1200-foot loop.  The data 

from the larger loop was not useful because of interference from nearby gas pipelines and 

transmission lines.  The geologic log from the Froats well indicated that bedrock was 950 feet 
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bgs at that location. At the nearby Hopkins well the depth to bedrock was reported to be around 

1200 feet bgs.  The Froats well was screened between 890 and 940 feet and the measured 

groundwater TDS was 2400 ppm.  While the TEM data showed good correlations with the 

known geology in the upper 600 feet and the resistivities were consistent with TDS levels in the 

brackish water range, the TEM data did not see the bedrock at 950 feet bgs.   

 

   We ran several numerical models looking at the TEM response to various resistivity profiles. 

Drawing 9 shows the results for three four-layer resistivity models simulating dry alluvium, 

saturated alluvium, saturated Bouse Formation, and bedrock in descending order.  For each 

model the resistivities were fixed but the depth to bedrock was changed from 500 feet bgs to 

1000 feet bgs.  The modeling shows that when the alluvium is the most conductive layer, the 

TEM response for bedrock at 1000 feet is nearly identical to the TEM response when bedrock is 

at 500 feet.  We conclude from the TEM Froats test well comparison and the numerical modeling 

that in the presence of a shallow high-conductivity layer, the TEM data are not useful in 

determining the depth of bedrock when the bedrock is deeper than 500 feet bgs.      

 

   To help determine depth of bedrock at the Ford Dry Lake site we reviewed gravity data 

collected by the USGS4.  Drawing 10 shows the USGS gravity data superimposed on the vicinity 

map of the study area.  Gravity data are somewhat like a contour map of the bedrock.  Gravity 

lows occur over deep basins and gravity highs occur over the mountains.  The -60 mGal contour 

interval at the Froats well wraps around Ford Dry Lake and passes through the Ford Dry Lake 

site.  This suggests the depth to bedrock at the Ford Dry Lake site is about the same as at the 

Froats well and Hopkins wells.  

 
     4Mariano, John, Helferty, M.G., and Gage, T.B., Bouguer and Isostatic Residual Gravity 
Maps of the Colorado River Region, Including the Kingman, Needles, Salton Sea, and El Centro 
Quadrangles: US Geological Survey Open-File Report 86-347, 7 Sheets. 
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E.  Conclusions  

 

   The geophysical data indicate the physical characteristics of the geology at the Ford Dry Lake 

site changes with depth but remain uniform for a given depth over long distances.  We did not 

see any significant changes in the geophysical data collected across the Ford Dry Lake site.  The 

seismic refraction data collected along four 1000-foot long refraction lines indicate the 

approximate elevation of the water table is between 298 and 315 feet above sea level.  The 

elevation of the Accounting Surface in the Chuckwalla Valley Groundwater Basin is 234 feet 

above sea level.  The refraction data indicate the water table lowers toward the east in the 

direction of the Palo Verde Mesa Groundwater Basin.  The static groundwater level in the Ford 

Dry Lake test well was found at 75.5 feet.  The margin of error for the refraction data appeared 

to be about ±10% of the depth to the interface.  

 

   The TEM data collected at twelve locations at the Ford Dry Lake site indicate the alluvium and 

Bouse Formation are rich in clays and the groundwater TDS concentration is likely to be in the 

brackish water range (i.e. above 1000 mg/L).  This is consistent with the geophysical and 

geologic logs of the Ford Dry Lake test well.  The TEM data show a slight decrease in 

conductivity with depth suggesting the Bouse Formation has fewer fines at depth and the 

groundwater TDS may decrease with depth.  The Froats well drilling log indicated a TDS of 

2400 ppm was measured for a screen interval between 890 to 940 and the Ford Dry Lake test 

well had higher TDS at shallower depth.  This also suggests that the salinity of the groundwater 

decreases with depth.  Gravity data available from the USGS indicates the depth to bedrock at 

the Ford Dry Lake site will be about the same as at the Froats and Hopkins wells, approximately 

1000 feet bgs.  Because of the high conductivity in the alluvium, the TEM data could not 

distinguish the depth to bedrock.   
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F.  Limitations 

 

   Many factors contribute to soil resistivity.  Each soil type, sand, silt, or clay has a range of 

resistivity associated with it and there is overlap between the ranges.  Trends in the resistivity 

data should be correlated to other data regarding the site’s geology, hydrology, and history 

before conclusions are made. 

 

   Seismic layers do not always correspond directly to lithologic changes that might be found in 

borehole or trenching data.  A seismic layer is an interface between materials with different P-

wave velocities.  Factors such as weathering, induration, and saturation as well as lithologic 

changes can create changes in seismic velocities.  Also, there can be lithologic changes without 

velocity changes.  However, our field experience indicates that seismic layers often correspond 

to major changes in lithology or saturation to within ±10% of the depth to the interface.  The 

geophysical interpretations should be reviewed and updated as more data becomes available. 
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Appendix 6 - Determination of Total Dissolved Solids (TDS) from Electrical Resistivity
Logs

Theory

The resistivity of a clean (clay free), water-bearing formation is proportional to the resistivity of
the fluid with which it is fully saturated (formation water). The constant of proportionality is the
formation resistivity factor, F (Schlumberger Wireline and Testing). The formation factor can
be related to the recorded deep-investigation resistivity (Rt) and the apparent resistivity of the
formation water (Rwa) by:

F

R
R t

wa  (1)

For clean, water bearing zones, the Rwa value derived from the above equation is equal to the
true formation water resistivity (Rw) (Schlumberger Log Interpretation Principals, 1991).

The total dissolved solids (TDS) concentration can be approximated from the formation water
resistivity using the assumption that TDS in milligrams per liter (mg/L) is proportional to the
conductivity of the formation water (σw) in microsiemens per centimeter (µS/cm). The
proportionality constant for fluids where chloride is the dominant ion is approximately 0.7.

)7.0(wTDS  (2)

Log OBS-2

TDS of the formation water was calculated for log OBS-2 as described below. The following
were assumed for the purpose of this interpretation:

 The dominant anion in the formation fluid is chloride;
 The groundwater sample collected between 350 and 550 fbgs in well TW-01 is

representative of the groundwater for the same interval in well OBS-2;
 The proportionality factor between σw and TDS is 0.54 for the interval 80 fbgs to 550

fbgs, as based on the groundwater sample from TW-01. The proportionality factor
between σw and TDS is 0.5 for the interval 550 fbgs to 900 fbgs, as based on the
groundwater sample from OBS-2;

 The formation is clean (i.e., no significant clay content). If clay is present, then the
TDS response may in part be due to the presence of clays and my not be an accurate
representation of the formation fluid salinity within that unit (i.e., the calculated TDS
concentration may be higher than the actual TDS concentration);

 And the recorded resistivity (Rt) is equal to the true resistivity of the subsurface.

The deep (long normal) investigation resistivity log (RLN) and the shallow (short normal)
investigation resistivity log (RSN) were corrected to a constant temperature of 77°F. A
temperature log was generated using a temperature gradient of 0.0147°F/ft as calculated
from measured fluid temperatures at 270 fbgs (90.85°F) and 400 fbgs (92.76°F). The
temperature gradient was assumed to remain constant for the full depth of the log. The
temperature correction was applied by using:

 )77.62/()77.6112  TTRR TT (3)

Where RT2 is the resistivity at 77°F, RT1 is the resistivity as recorded, T1 is the value from the
generated temperature log, and T2 is 77°F.

Rearranging Equation 3, specific conductance values from groundwater samples collected at
800 fbgs (OBS-2) and 350 to 550 fbgs (TW-01), and the temperature corrected resistivity log
from OBS-2 at the sample depths, were used to calculate formation factor values. It is
assumed that the formation factor calculated from the TW-01 sample is representative of 80
fbgs to 550 fbgs, and the formation factor calculated from the OBS-2 sample is representative
of 550 fbgs to 900 fbgs . Table A contains the calculated formation factors.



Table A Calculated Formation Factors

Well Sample Depth Calculated Formation Factor Representative Interval

TW-01 350 fbgs to 550 fbgs 12 80 fbgs to 550 fbgs

OBS-2 800 fbgs 8.5 550 fbgs to 900 fbgs

Formation fluid resistivity was determined using the calculated formation factors and the
temperature corrected resistivity log (Equation 3), and converted to TDS using the
proportionality constants for each interval.

Attachment 1 presents the results of the calculated TDS log.

Reference:

Schlumberger Wireline and Testing,1996. Log Interpretation Principles/Applications. June

1996
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Well Completion Legend

RSN
(OHM-M)0 15

RLN
(OHM-M)0 15

Gamma

(GAPI)40 140

Drilling Method: Mud Rotary, 10" Diameter Ground Surface Elevation: 383 feet amsl

Drilling Contractor: WDC Exploration

Date Drilled: 05/28/2009 to 07/02/2009

Total Depth: 900 ft Well Depth: 405 ftGeologist: Andie Gehlhausen

Borehole Location: N33°40.419' W115°03.268

Reviewer: Nat Beal

Genesis Solar, LLC
Project Number: 52004617

Attachment 1- Calculated TDS for OBS-2
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Calculated TDS for OBS-2
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Geotechnical Sample Results
Genesis Solar, LLC

Particle Size Distribution, wt. percent Silt MOISTURE DENSITY TOTAL PORE FLUID EFFECTIVE 3,4 HYDRAULIC

USCS Sand Size & SAMPLE CONTENT BULK GRAIN, AIR SATURATIONS 3 PERMEABILITY TO WATER CONDUCTIVITY 2,3

Symbol Gravel Coarse Medium Fine Silt Clay Clay ORIENTATION 1 (% weight) (g/cc) (g/cc) TOTAL FILLED (% Pv) (millidarcy) (cm/s)

Methods
API RP 40

/ASTM D2216
API RP 40

TW-1 266 CL 0.00 0.00 0.00 1.29 34.07 64.64 98.71 V 41.4 1.21 2.59 53.6 3.7 93.1 0.460 4.35E-07

OBS-2 360 CL 0.00 0.00 0.00 0.00 28.91 71.09 100.00 V - - - - - - - - - - - - 0.475 4.59E-07

OBS-2 400 ML 0.00 0.00 0.00 44.74 47.91 7.36 55.26 V 36.5 1.33 2.64 49.5 0.9 98.1 1.86 1.80E-06

OBS-2 420 CL 0.00 0.00 0.00 1.76 41.00 57.24 98.24 V 43.4 1.22 2.68 54.4 1.2 97.7 0.501 4.73E-07

OBS-2 440 CL 0.00 0.00 0.00 0.03 32.74 67.24 99.97 V - - - - - - - - - - - - 1.03 9.71E-07

OBS-2 510 CL 0.00 0.00 0.00 8.57 45.22 46.21 91.43 V 43.4 1.21 2.63 53.7 1.1 98.0 0.781 7.54E-07

OBS-2 550 CL 0.00 0.00 0.00 0.01 25.58 74.41 99.99 V 35.3 1.36 2.65 48.5 0.5 98.9 0.977 9.43E-07

OBS-2 600 CL 0.00 0.00 0.00 1.59 44.92 53.48 98.41 V 41.2 1.20 2.65 54.7 5.1 90.6 0.819 7.88E-07

OBS-2 700 ML 0.00 0.00 0.00 0.00 51.14 48.86 100.00 V 22.6 1.62 2.66 39.1 2.4 93.9 0.226 2.24E-07

OBS-2 800 SM 0.00 0.00 0.00 67.78 29.01 3.22 32.22 V 24.4 1.48 2.64 44.0 7.9 82.0 395 3.91E-04

Notes:

1. V = vertical

2. Total Porosity = no pore fluids in place; all interconnected pore channels; Air Filled = pore channels not occupied by pore fluids

3. Water = 0.9996 g/cc

4. Native State or Effective = With as-received pore fluids in place

5. Permeability to water and hydraulic conductivity measured at saturated conditions

6. Vb = Bulk Volume, cubic centimeters

7. Pv = Pore Volume, cubic centimeters

8. g/cc = grams per cubic centimeter

9. cm/s = centimeter per second

10. % = percent

11. bgs = below ground surface

25 PSI CONFINING STRESS

Borehloe
Depth

(feet bgs)
ASTM D422/D4464M API RP 40; EPA 9100

POROSITY 2 (%Vb)

API RP 40 API RP 40



PTS File No: 39506
Client: Worley Parsons

PROJECT NAME: Project Genesis

PROJECT NO:

API RP 40 /
METHODS: ASTM D2216 API RP 40

SAMPLE MOISTURE DENSITY TOTAL PORE FLUID EFFECTIVE (4,5) HYDRAULIC

SAMPLE DEPTH, ORIENTATION CONTENT, BULK, GRAIN, AIR SATURATIONS (3), PERMEABILITY TO WATER, CONDUCTIVITY (4,5),

ID. ft. (1) % weight g/cc g/cc TOTAL FILLED % Pv millidarcy cm/s

TW-1 BOUSE 266 V 41.4 1.21 2.59 53.6 3.7 93.1 0.460 4.35E-07

420 OBS-2 420 V 43.4 1.22 2.68 54.4 1.2 97.7 0.501 4.73E-07

510 OBS-2 510 V 43.4 1.21 2.63 53.7 1.1 98.0 0.781 7.54E-07

400 400 V 36.5 1.33 2.64 49.5 0.9 98.1 1.86 1.80E-06

550 550 V 35.3 1.36 2.65 48.5 0.5 98.9 0.977 9.43E-07

600 600 V 41.2 1.20 2.65 54.7 5.1 90.6 0.819 7.88E-07

700 700 V 22.6 1.62 2.66 39.1 2.4 93.9 0.226 2.24E-07

800 800 V 24.4 1.48 2.64 44.0 7.9 82.0 395 3.91E-04

PTS Laboratories

PHYSICAL PROPERTIES DATA - HYDRAULIC CONDUCTIVITY PACKAGE

POROSITY, %Vb (2)

API RP 40 API RP 40

Ford Dry Lake

API RP 40; EPA 9100

25 PSI CONFINING STRESS

(1) Sample Orientation: H = horizontal; V = vertical (2) Total Porosity = no pore fluids in place; all interconnected pore channels; Air Filled = pore channels not occupied by pore fluids (3) Water =

0.9996 g/cc (4) Native State or Effective = With as-received pore fluids in place (5) Permeability to water and hydraulic conductivity measured at saturated conditions; Vb = Bulk Volume, cc; Pv

= Pore Volume, cc; ND = Not Detected



PROJECT NAME: Project Genesis

PROJECT NO:

API RP 40 /
METHODS: ASTM D2216 API RP 40

SAMPLE MOISTURE DENSITY TOTAL PORE FLUID EFFECTIVE (4,5) HYDRAULIC

SAMPLE DEPTH, ORIENTATION CONTENT, BULK, GRAIN, AIR SATURATIONS (3), PERMEABILITY TO WATER, CONDUCTIVITY (4,5),

ID. ft. (1) % weight g/cc g/cc TOTAL FILLED % Pv millidarcy cm/s

PHYSICAL PROPERTIES DATA - HYDRAULIC CONDUCTIVITY PACKAGE

POROSITY, %Vb (2)

API RP 40 API RP 40

Ford Dry Lake

API RP 40; EPA 9100

25 PSI CONFINING STRESS

= Pore Volume, cc; ND = Not Detected



PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 550

Project No: Ford Dry Lake Depth, ft: 550

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 6.05 0.0006 0.015

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 6.74 0.0004 0.009

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 7.15 0.0003 0.007

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 7.61 0.0002 0.005

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 8.18 0.0001 0.003

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 8.55 0.0001 0.003

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.93 0.0001 0.002

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 9.57 0.0001 0.001

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.96 0.0000 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 10.37 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.74 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 8.55 8.55 8.55

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0001 0.0001 0.0001

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.003 0.003 0.003

0.0049 0.125 3.00 120 0.00 0.00 0.00

0.0041 0.105 3.25 140 0.00 0.00 0.00 Mean, phi 8.28 8.56 8.55

0.0035 0.088 3.50 170 0.00 0.00 0.00 Mean, in. 0.0001 0.0001 0.0001

0.0029 0.074 3.75 200 0.01 0.01 0.01 Mean, mm 0.003 0.003 0.003

0.0025 0.063 4.00 230 0.16 0.16 0.17

0.0021 0.053 4.25 270 0.50 0.50 0.67 Sorting 1.967 1.405 1.412

0.00174 0.0442 4.50 325 0.51 0.51 1.18 Skewness 0.974 0.001 -0.033
0.00146 0.0372 4.75 400 0.30 0.30 1.48 Kurtosis 0.220 0.668 0.984

0.00123 0.0313 5.00 450 0.25 0.25 1.73 Grain Size Description Clay
0.000986 0.0250 5.32 500 0.67 0.67 2.40 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 1.15 1.15 3.55

0.000615 0.0156 6.00 1.18 1.18 4.73 Description Retained Weight
0.000435 0.0110 6.50 2.45 2.45 7.18 on Sieve # Percent
0.000308 0.00781 7.00 5.89 5.89 13.08 Gravel 4 0.00

0.000197 0.00500 7.65 12.50 12.51 25.59 Coarse Sand 10 0.00

0.000077 0.00195 9.00 36.40 36.42 62.01 Medium Sand 40 0.00

0.000038 0.000977 10.00 22.90 22.91 84.92 Fine Sand 200 0.01

0.000019 0.000488 11.00 13.60 13.61 98.53 Silt >0.005 mm 25.58
0.000015 0.000375 11.38 1.47 1.47 100.00 Clay <0.005 mm 74.41

TOTALS 99.90 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: TW-1 BOUSE

Project No: Ford Dry Lake Depth, ft: 266

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 5.14 0.0011 0.028

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 5.90 0.0007 0.017

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 6.52 0.0004 0.011

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 7.11 0.0003 0.007

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 7.84 0.0002 0.004

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 8.27 0.0001 0.003

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.69 0.0001 0.002

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 9.40 0.0001 0.001

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.86 0.0000 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 10.28 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.69 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 8.27 8.27 8.27

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0001 0.0001 0.0001

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.003 0.003 0.003

0.0049 0.125 3.00 120 0.00 0.00 0.00

0.0041 0.105 3.25 140 0.11 0.11 0.11 Mean, phi 7.84 8.19 8.22

0.0035 0.088 3.50 170 0.48 0.48 0.59 Mean, in. 0.0002 0.0001 0.0001

0.0029 0.074 3.75 200 0.70 0.70 1.29 Mean, mm 0.004 0.003 0.003

0.0025 0.063 4.00 230 0.65 0.65 1.94

0.0021 0.053 4.25 270 0.56 0.56 2.50 Sorting 2.210 1.669 1.676

0.00174 0.0442 4.50 325 0.55 0.55 3.05 Skewness 1.009 -0.044 -0.085
0.00146 0.0372 4.75 400 0.60 0.60 3.65 Kurtosis 0.181 0.665 0.995

0.00123 0.0313 5.00 450 0.74 0.74 4.39 Grain Size Description Clay
0.000986 0.0250 5.32 500 1.42 1.42 5.81 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 2.14 2.14 7.95

0.000615 0.0156 6.00 2.82 2.82 10.78 Description Retained Weight
0.000435 0.0110 6.50 4.87 4.87 15.65 on Sieve # Percent
0.000308 0.00781 7.00 7.21 7.21 22.86 Gravel 4 0.00

0.000197 0.00500 7.65 12.50 12.50 35.36 Coarse Sand 10 0.00

0.000077 0.00195 9.00 31.90 31.91 67.27 Medium Sand 40 0.00

0.000038 0.000977 10.00 19.40 19.41 86.68 Fine Sand 200 1.29

0.000019 0.000488 11.00 12.00 12.00 98.68 Silt >0.005 mm 34.07
0.000015 0.000375 11.38 1.32 1.32 100.00 Clay <0.005 mm 64.64

TOTALS 100.00 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Worley Parsons

PTS File No: 39506

PROJECT NAME: Project Genesis
PROJECT NO: Ford Dry Lake

Median Particle Size Distribution, wt. percent Silt
Mean Grain Size Grain Size Sand Size &

Sample ID Depth, ft. Description (1) mm Gravel Coarse Medium Fine Silt Clay Clay

TW-1 BOUSE 266 Clay 0.003 0.00 0.00 0.00 1.29 34.07 64.64 98.71

420 OBS-2 420 Silt 0.004 0.00 0.00 0.00 1.76 41.00 57.24 98.24

440 BGS 440 Clay 0.003 0.00 0.00 0.00 0.03 32.74 67.24 99.97

510 OBS-2 510 Silt 0.006 0.00 0.00 0.00 8.57 45.22 46.21 91.43

360 360 Clay 0.003 0.00 0.00 0.00 0.00 28.91 71.09 100.00

400 400 Silt 0.069 0.00 0.00 0.00 44.74 47.91 7.36 55.26

550 550 Clay 0.003 0.00 0.00 0.00 0.01 25.58 74.41 99.99

600 600 Silt 0.004 0.00 0.00 0.00 1.59 44.92 53.48 98.41

700 700 Silt 0.005 0.00 0.00 0.00 0.00 51.14 48.86 100.00

800 800 Fine sand 0.090 0.00 0.00 0.00 67.78 29.01 3.22 32.22

PARTICLE SIZE SUMMARY
(METHODOLOGY: ASTM D422/D4464M)

(1) Based on Mean from Trask



PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 420 OBS-2

Project No: Ford Dry Lake Depth, ft: 420

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 4.61 0.0016 0.041

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 5.38 0.0009 0.024

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 6.01 0.0006 0.016

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 6.71 0.0004 0.010

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 7.51 0.0002 0.005

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 7.96 0.0002 0.004

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.39 0.0001 0.003

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 9.05 0.0001 0.002

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.59 0.0001 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.95 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.50 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 7.96 7.96 7.96

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0002 0.0002 0.0002

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.004 0.004 0.004

0.0049 0.125 3.00 120 0.02 0.02 0.02

0.0041 0.105 3.25 140 0.22 0.22 0.24 Mean, phi 7.45 7.80 7.85

0.0035 0.088 3.50 170 0.63 0.63 0.87 Mean, in. 0.0002 0.0002 0.0002

0.0029 0.074 3.75 200 0.89 0.89 1.76 Mean, mm 0.006 0.004 0.004

0.0025 0.063 4.00 230 0.93 0.93 2.69

0.0021 0.053 4.25 270 0.89 0.89 3.58 Sorting 2.248 1.793 1.790

0.00174 0.0442 4.50 325 0.93 0.93 4.51 Skewness 1.054 -0.088 -0.112
0.00146 0.0372 4.75 400 1.13 1.13 5.64 Kurtosis 0.166 0.644 1.034

0.00123 0.0313 5.00 450 1.45 1.45 7.09 Grain Size Description Silt
0.000986 0.0250 5.32 500 2.40 2.40 9.49 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 2.95 2.95 12.44

0.000615 0.0156 6.00 3.49 3.49 15.93 Description Retained Weight
0.000435 0.0110 6.50 5.70 5.70 21.63 on Sieve # Percent
0.000308 0.00781 7.00 7.92 7.92 29.56 Gravel 4 0.00

0.000197 0.00500 7.65 13.20 13.20 42.76 Coarse Sand 10 0.00

0.000077 0.00195 9.00 31.40 31.41 74.17 Medium Sand 40 0.00

0.000038 0.000977 10.00 16.60 16.61 90.78 Fine Sand 200 1.76

0.000019 0.000488 11.00 8.38 8.38 99.16 Silt >0.005 mm 41.00
0.000015 0.000375 11.38 0.84 0.84 100.00 Clay <0.005 mm 57.24

TOTALS 100.00 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 440 BGS

Project No: Ford Dry Lake Depth, ft: 440

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 5.29 0.0010 0.026

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 5.96 0.0006 0.016

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 6.60 0.0004 0.010

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 7.21 0.0003 0.007

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 7.95 0.0002 0.004

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 8.36 0.0001 0.003

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.78 0.0001 0.002

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 9.47 0.0001 0.001

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.90 0.0000 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 10.31 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.71 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 8.36 8.36 8.36

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0001 0.0001 0.0001

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.003 0.003 0.003

0.0049 0.125 3.00 120 0.00 0.00 0.00

0.0041 0.105 3.25 140 0.00 0.00 0.00 Mean, phi 7.94 8.25 8.29

0.0035 0.088 3.50 170 0.00 0.00 0.00 Mean, in. 0.0002 0.0001 0.0001

0.0029 0.074 3.75 200 0.03 0.03 0.03 Mean, mm 0.004 0.003 0.003

0.0025 0.063 4.00 230 0.21 0.21 0.24

0.0021 0.053 4.25 270 0.54 0.54 0.78 Sorting 2.183 1.649 1.645

0.00174 0.0442 4.50 325 0.73 0.73 1.51 Skewness 1.017 -0.070 -0.103
0.00146 0.0372 4.75 400 0.81 0.81 2.32 Kurtosis 0.174 0.643 0.986

0.00123 0.0313 5.00 450 1.01 1.01 3.33 Grain Size Description Clay
0.000986 0.0250 5.32 500 1.86 1.86 5.19 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 2.40 2.40 7.59

0.000615 0.0156 6.00 2.72 2.72 10.31 Description Retained Weight
0.000435 0.0110 6.50 4.42 4.42 14.73 on Sieve # Percent
0.000308 0.00781 7.00 6.44 6.44 21.16 Gravel 4 0.00

0.000197 0.00500 7.65 11.60 11.60 32.76 Coarse Sand 10 0.00

0.000077 0.00195 9.00 32.50 32.50 65.26 Medium Sand 40 0.00

0.000038 0.000977 10.00 20.90 20.90 86.16 Fine Sand 200 0.03

0.000019 0.000488 11.00 12.50 12.50 98.66 Silt >0.005 mm 32.74
0.000015 0.000375 11.38 1.34 1.34 100.00 Clay <0.005 mm 67.24

TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 510 OBS-2

Project No: Ford Dry Lake Depth, ft: 510

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 3.21 0.0042 0.108

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 3.94 0.0026 0.065

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 4.71 0.0015 0.038

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 5.66 0.0008 0.020

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 6.85 0.0003 0.009

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 7.43 0.0002 0.006

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 7.97 0.0002 0.004

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 8.76 0.0001 0.002

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.34 0.0001 0.002

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.79 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.34 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.02 0.02 0.02 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.25 0.25 0.27 Median, phi 7.43 7.43 7.43

0.0070 0.177 2.50 80 0.87 0.87 1.14 Median, in. 0.0002 0.0002 0.0002

0.0059 0.149 2.75 100 1.34 1.34 2.48 Median, mm 0.006 0.006 0.006

0.0049 0.125 3.00 120 1.37 1.37 3.85

0.0041 0.105 3.25 140 1.36 1.36 5.21 Mean, phi 6.50 7.02 7.16

0.0035 0.088 3.50 170 1.56 1.56 6.76 Mean, in. 0.0004 0.0003 0.0003

0.0029 0.074 3.75 200 1.81 1.81 8.57 Mean, mm 0.011 0.008 0.007

0.0025 0.063 4.00 230 1.93 1.93 10.50

0.0021 0.053 4.25 270 1.91 1.91 12.41 Sorting 2.924 2.313 2.236

0.00174 0.0442 4.50 325 1.91 1.91 14.32 Skewness 1.167 -0.178 -0.181
0.00146 0.0372 4.75 400 2.00 2.00 16.32 Kurtosis 0.136 0.541 0.944

0.00123 0.0313 5.00 450 2.15 2.15 18.46 Grain Size Description Silt
0.000986 0.0250 5.32 500 2.99 2.99 21.45 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 3.30 3.30 24.75

0.000615 0.0156 6.00 3.86 3.86 28.60 Description Retained Weight
0.000435 0.0110 6.50 6.06 6.05 34.66 on Sieve # Percent
0.000308 0.00781 7.00 7.55 7.54 42.20 Gravel 4 0.00

0.000197 0.00500 7.65 11.60 11.59 53.79 Coarse Sand 10 0.00

0.000077 0.00195 9.00 25.80 25.78 79.57 Medium Sand 40 0.00

0.000038 0.000977 10.00 13.20 13.19 92.76 Fine Sand 200 8.57

0.000019 0.000488 11.00 6.59 6.58 99.34 Silt >0.005 mm 45.22
0.000015 0.000375 11.38 0.66 0.66 100.00 Clay <0.005 mm 46.21

TOTALS 100.10 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 600

Project No: Ford Dry Lake Depth, ft: 600

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 4.67 0.0015 0.039

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 5.34 0.0010 0.025

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 5.89 0.0007 0.017

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 6.55 0.0004 0.011

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 7.33 0.0002 0.006

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 7.81 0.0002 0.004

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.27 0.0001 0.003

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 8.96 0.0001 0.002

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.53 0.0001 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.93 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.48 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 7.81 7.81 7.81

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0002 0.0002 0.0002

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.004 0.004 0.004

0.0049 0.125 3.00 120 0.02 0.01 0.02

0.0041 0.105 3.25 140 0.21 0.21 0.22 Mean, phi 7.30 7.71 7.74

0.0035 0.088 3.50 170 0.59 0.59 0.81 Mean, in. 0.0003 0.0002 0.0002

0.0029 0.074 3.75 200 0.78 0.78 1.59 Mean, mm 0.006 0.005 0.005

0.0025 0.063 4.00 230 0.75 0.75 2.34

0.0021 0.053 4.25 270 0.75 0.75 3.09 Sorting 2.307 1.823 1.792

0.00174 0.0442 4.50 325 0.98 0.98 4.07 Skewness 1.038 -0.053 -0.066
0.00146 0.0372 4.75 400 1.33 1.33 5.40 Kurtosis 0.183 0.593 0.987

0.00123 0.0313 5.00 450 1.70 1.70 7.10 Grain Size Description Silt
0.000986 0.0250 5.32 500 2.71 2.71 9.81 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 3.36 3.36 13.17

0.000615 0.0156 6.00 4.15 4.15 17.32 Description Retained Weight
0.000435 0.0110 6.50 6.86 6.86 24.18 on Sieve # Percent
0.000308 0.00781 7.00 8.84 8.84 33.02 Gravel 4 0.00

0.000197 0.00500 7.65 13.50 13.50 46.52 Coarse Sand 10 0.00

0.000077 0.00195 9.00 29.40 29.40 75.91 Medium Sand 40 0.00

0.000038 0.000977 10.00 15.20 15.20 91.11 Fine Sand 200 1.59

0.000019 0.000488 11.00 8.06 8.06 99.17 Silt >0.005 mm 44.92
0.000015 0.000375 11.38 0.83 0.83 100.00 Clay <0.005 mm 53.48

TOTALS 100.00 100.00 100.00 Total 100
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 700

Project No: Ford Dry Lake Depth, ft: 700

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 4.72 0.0015 0.038

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 5.10 0.0011 0.029

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 5.51 0.0009 0.022

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 6.12 0.0006 0.014

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 7.06 0.0003 0.007

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 7.59 0.0002 0.005

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.09 0.0001 0.004

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 8.84 0.0001 0.002

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.41 0.0001 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 9.84 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.39 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 7.59 7.59 7.59

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0002 0.0002 0.0002

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.005 0.005 0.005

0.0049 0.125 3.00 120 0.00 0.00 0.00

0.0041 0.105 3.25 140 0.00 0.00 0.00 Mean, phi 6.91 7.46 7.50

0.0035 0.088 3.50 170 0.00 0.00 0.00 Mean, in. 0.0003 0.0002 0.0002

0.0029 0.074 3.75 200 0.00 0.00 0.00 Mean, mm 0.008 0.006 0.006

0.0025 0.063 4.00 230 0.06 0.06 0.06

0.0021 0.053 4.25 270 0.61 0.61 0.67 Sorting 2.569 1.951 1.835

0.00174 0.0442 4.50 325 1.85 1.85 2.52 Skewness 1.078 -0.064 -0.037
0.00146 0.0372 4.75 400 2.80 2.80 5.32 Kurtosis 0.218 0.453 0.854

0.00123 0.0313 5.00 450 3.24 3.24 8.57 Grain Size Description Silt
0.000986 0.0250 5.32 500 4.52 4.52 13.09 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 4.94 4.94 18.03

0.000615 0.0156 6.00 5.30 5.30 23.33 Description Retained Weight
0.000435 0.0110 6.50 7.21 7.21 30.54 on Sieve # Percent
0.000308 0.00781 7.00 8.29 8.29 38.83 Gravel 4 0.00

0.000197 0.00500 7.65 12.30 12.30 51.14 Coarse Sand 10 0.00

0.000077 0.00195 9.00 27.10 27.11 78.24 Medium Sand 40 0.00

0.000038 0.000977 10.00 14.00 14.00 92.25 Fine Sand 200 0.00

0.000019 0.000488 11.00 7.04 7.04 99.29 Silt >0.005 mm 51.14
0.000015 0.000375 11.38 0.71 0.71 100.00 Clay <0.005 mm 48.86

TOTALS 100.00 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 800

Project No: Ford Dry Lake Depth, ft: 800

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 2.61 0.0065 0.164

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 2.79 0.0057 0.144

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 2.94 0.0051 0.131

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 3.10 0.0046 0.117

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 3.33 0.0039 0.100

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 3.47 0.0036 0.090

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 3.62 0.0032 0.081

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 3.92 0.0026 0.066

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 4.25 0.0021 0.053

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 4.87 0.0014 0.034
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 6.46 0.0004 0.011

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.01 0.01 0.01 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.40 0.40 0.41 Median, phi 3.47 3.47 3.47

0.0070 0.177 2.50 80 2.22 2.22 2.63 Median, in. 0.0036 0.0036 0.0036

0.0059 0.149 2.75 100 5.49 5.49 8.12 Median, mm 0.090 0.090 0.090

0.0049 0.125 3.00 120 10.50 10.51 18.63

0.0041 0.105 3.25 140 15.70 15.71 34.35 Mean, phi 3.45 3.59 3.55

0.0035 0.088 3.50 170 17.90 17.92 52.26 Mean, in. 0.0036 0.0033 0.0034

0.0029 0.074 3.75 200 15.50 15.51 67.78 Mean, mm 0.091 0.083 0.085

0.0025 0.063 4.00 230 10.40 10.41 78.19

0.0021 0.053 4.25 270 5.89 5.90 84.08 Sorting 1.330 0.655 0.910

0.00174 0.0442 4.50 325 3.24 3.24 87.32 Skewness 0.970 0.189 0.371
0.00146 0.0372 4.75 400 2.02 2.02 89.35 Kurtosis 0.230 1.939 1.918

0.00123 0.0313 5.00 450 1.42 1.42 90.77 Grain Size Description Fine sand
0.000986 0.0250 5.32 500 1.34 1.34 92.11 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 1.03 1.03 93.14

0.000615 0.0156 6.00 0.93 0.93 94.07 Description Retained Weight
0.000435 0.0110 6.50 1.02 1.02 95.09 on Sieve # Percent
0.000308 0.00781 7.00 0.83 0.83 95.92 Gravel 4 0.00

0.000197 0.00500 7.65 0.86 0.86 96.78 Coarse Sand 10 0.00

0.000077 0.00195 9.00 1.41 1.41 98.19 Medium Sand 40 0.00

0.000038 0.000977 10.00 0.96 0.96 99.15 Fine Sand 200 67.78

0.000019 0.000488 11.00 0.76 0.76 99.91 Silt >0.005 mm 29.01
0.000015 0.000375 11.38 0.09 0.09 100.00 Clay <0.005 mm 3.22

TOTALS 99.90 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 360

Project No: Ford Dry Lake Depth, ft: 360

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 6.14 0.0006 0.014

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 6.65 0.0004 0.010

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 7.05 0.0003 0.008

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 7.46 0.0002 0.006

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 8.04 0.0001 0.004

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 8.40 0.0001 0.003

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 8.75 0.0001 0.002

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 9.38 0.0001 0.001

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 9.81 0.0000 0.001

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 10.17 0.0000 0.001
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 10.64 0.0000 0.001

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.00 0.00 0.00 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.00 0.00 0.00 Median, phi 8.40 8.40 8.40

0.0070 0.177 2.50 80 0.00 0.00 0.00 Median, in. 0.0001 0.0001 0.0001

0.0059 0.149 2.75 100 0.00 0.00 0.00 Median, mm 0.003 0.003 0.003

0.0049 0.125 3.00 120 0.00 0.00 0.00

0.0041 0.105 3.25 140 0.00 0.00 0.00 Mean, phi 8.12 8.43 8.42

0.0035 0.088 3.50 170 0.00 0.00 0.00 Mean, in. 0.0001 0.0001 0.0001

0.0029 0.074 3.75 200 0.00 0.00 0.00 Mean, mm 0.004 0.003 0.003

0.0025 0.063 4.00 230 0.00 0.00 0.00

0.0021 0.053 4.25 270 0.00 0.00 0.00 Sorting 1.944 1.380 1.371

0.00174 0.0442 4.50 325 0.00 0.00 0.00 Skewness 0.982 0.021 0.009
0.00146 0.0372 4.75 400 0.00 0.00 0.00 Kurtosis 0.229 0.628 0.960

0.00123 0.0313 5.00 450 0.00 0.00 0.00 Grain Size Description Clay
0.000986 0.0250 5.32 500 0.14 0.14 0.14 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 1.22 1.22 1.36

0.000615 0.0156 6.00 2.45 2.45 3.81 Description Retained Weight
0.000435 0.0110 6.50 4.10 4.10 7.91 on Sieve # Percent
0.000308 0.00781 7.00 7.10 7.10 15.01 Gravel 4 0.00

0.000197 0.00500 7.65 13.90 13.90 28.91 Coarse Sand 10 0.00

0.000077 0.00195 9.00 38.00 38.00 66.91 Medium Sand 40 0.00

0.000038 0.000977 10.00 21.20 21.20 88.11 Fine Sand 200 0.00

0.000019 0.000488 11.00 10.80 10.80 98.91 Silt >0.005 mm 28.91
0.000015 0.000375 11.38 1.09 1.09 100.00 Clay <0.005 mm 71.09

TOTALS 100.00 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS Laboratories, Inc. Particle Size Analysis - ASTM D4464M

Client: Worley Parsons PTS File No: 39506

Project: Project Genesis Sample ID: 400

Project No: Ford Dry Lake Depth, ft: 400

Sample Increment Cumulative Cumulative Weight Percent greater than

Opening Phi of U.S. Weight, Weight, Weight, Weight Phi Particle Size

Inches Millimeters Screen No. grams percent percent percent Value Inches Millimeters

0.2500 6.351 -2.67 1/4 0.00 0.00 0.00 5 2.68 0.0061 0.156

0.1873 4.757 -2.25 4 0.00 0.00 0.00 10 2.91 0.0052 0.133

0.1324 3.364 -1.75 6 0.00 0.00 0.00 16 3.10 0.0046 0.116

0.0787 2.000 -1.00 10 0.00 0.00 0.00 25 3.33 0.0039 0.099

0.0468 1.189 -0.25 16 0.00 0.00 0.00 40 3.65 0.0031 0.079

0.0331 0.841 0.25 20 0.00 0.00 0.00 50 3.87 0.0027 0.069

0.0278 0.707 0.50 25 0.00 0.00 0.00 60 4.11 0.0023 0.058

0.0234 0.595 0.75 30 0.00 0.00 0.00 75 4.71 0.0015 0.038

0.0197 0.500 1.00 35 0.00 0.00 0.00 84 5.60 0.0008 0.021

0.0166 0.420 1.25 40 0.00 0.00 0.00 90 6.91 0.0003 0.008
0.0139 0.354 1.50 45 0.00 0.00 0.00 95 8.46 0.0001 0.003

0.0117 0.297 1.75 50 0.00 0.00 0.00

0.0098 0.250 2.00 60 0.05 0.05 0.05 Measure Trask Inman Folk-Ward
0.0083 0.210 2.25 70 0.49 0.49 0.54 Median, phi 3.87 3.87 3.87

0.0070 0.177 2.50 80 1.72 1.72 2.26 Median, in. 0.0027 0.0027 0.0027

0.0059 0.149 2.75 100 3.75 3.75 6.01 Median, mm 0.069 0.069 0.069

0.0049 0.125 3.00 120 6.24 6.24 12.25

0.0041 0.105 3.25 140 9.00 9.00 21.24 Mean, phi 3.86 4.35 4.19

0.0035 0.088 3.50 170 11.30 11.30 32.54 Mean, in. 0.0027 0.0019 0.0022

0.0029 0.074 3.75 200 12.20 12.20 44.74 Mean, mm 0.069 0.049 0.055

0.0025 0.063 4.00 230 11.20 11.20 55.93

0.0021 0.053 4.25 270 8.88 8.88 64.81 Sorting 1.610 1.246 1.498

0.00174 0.0442 4.50 325 6.42 6.42 71.23 Skewness 0.899 0.388 0.489
0.00146 0.0372 4.75 400 4.54 4.54 75.77 Kurtosis 0.244 1.316 1.721

0.00123 0.0313 5.00 450 3.29 3.29 79.06 Grain Size Description Silt
0.000986 0.0250 5.32 500 3.05 3.05 82.11 (ASTM-USCS Scale) (based on Mean from Trask)

0.000790 0.0201 5.64 635 2.19 2.19 84.29

0.000615 0.0156 6.00 1.90 1.90 86.19 Description Retained Weight
0.000435 0.0110 6.50 2.20 2.20 88.39 on Sieve # Percent
0.000308 0.00781 7.00 1.96 1.96 90.35 Gravel 4 0.00

0.000197 0.00500 7.65 2.29 2.29 92.64 Coarse Sand 10 0.00

0.000077 0.00195 9.00 3.94 3.94 96.58 Medium Sand 40 0.00

0.000038 0.000977 10.00 2.11 2.11 98.69 Fine Sand 200 44.74

0.000019 0.000488 11.00 1.19 1.19 99.88 Silt >0.005 mm 47.91
0.000015 0.000375 11.38 0.12 0.12 100.00 Clay <0.005 mm 7.36

TOTALS 100.00 100.00 100.00 Total 100

© PTS Laboratories, Inc. Phone: (562) 907-3607 Fax: (562) 907-3610
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PTS File No: 39506
Client: Worley Parsons

PROJECT NAME: Project Genesis

PROJECT NO: Ford Dry Lake

METHODS:

EFFECTIVE (3,4) HYDRAULIC

SAMPLE DEPTH, SAMPLE PERMEABILITY TO WATER, CONDUCTIVITY (2,3),

ID. ft. ORIENTATION (1) millidarcy cm/s

440 BGS 440 V 1.03 9.71E-07

360 360 V 0.475 4.59E-07

(1) Sample Orientation: H = horizontal; V = vertical

(2) Native State or Effective = With as-received pore fluids in place

(3) Permeability to water and hydraulic conductivity measured at saturated conditions

25 PSI CONFINING STRESS

PHYSICAL PROPERTIES DATA - HYDRAULIC CONDUCTIVITY

API RP 40; EPA 9100

PTS Laboratories
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Pumping well drawdown data vs. calibrated model.  Note that drawdown exceeded calibrated drawdown due to apparent well inefficiency.  



OBS #2_270
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OBS-2 270-foot depth transducer drawdown data vs. calibrated model. Transducer in Bouse Formation aquitard.      



Transducer #2_315
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OBS-2 315-foot depth transducer drawdown data vs. calibrated model. Transducer in Bouse Formation below aquitard.      
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OBS-2 370-foot depth transducer drawdown data vs. calibrated model. Transducer in Bouse Formation in screened interval depth of pumping well.      



OBS #2_400
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OBS-2 400-foot depth transducer drawdown data vs. calibrated model. Transducer in Bouse Formation in screened interval depth of pumping well.      
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OBS-1 Shallow Observation Well drawdown data vs. calibrated model. Transducer in water table observation well in Quaternary Alluvium.      



Prison Well Validation- Comparison of Observed and Predicted Drawdown

Observation Well #1 (WP-38)
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Prison Well Validation - Comparison of Observed and Predicted Drawdown

Observation Well #2 (WP-39)
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